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ABSTRACT
In an investigation of allelopathy in the Florida scrub, bioassays with terpenes 
were performed against: Lactuca sativa, Rudbeckia hirta, Leptochloa dubia and 
Schizachyrium scoparium. Cineole was phytotoxic against Rudbeckia. at 17 ppm and 
Lactuca at 165 ppm. (S)-camphor was phytotoxic to Rudbeckia at 1 ppm, Lactuca at 28 
ppm, and Leptochloa and Schizachyrium at 134 ppm. (R)-Camphor, myrtenol and 
myrtenal were phytotoxic against Rudbeckia at concentrations of 28, 25 and 15 ppm 
respectively. Famesol stimulated the germination of Schizachyrium at concentrations up 
to 50 ppm and at 100 ppm it reduced the radicle length of all test species. Geraniol 
stimulated the germination of Schizachyrium at 10 ppm and reduced germination at 
concentrations greater than 25 ppm.
Aqueous washes of Cladonia subtenuis, C. prostrata and C. leporina did not 
affect the germination or radicle growth of the test species used in bioassays. Atranorin, 
isolated from C. prostrata, did not demonstrate any biological activity against the test 
species; however, usnic acid inhibited germination of all four test species at 50 ppm.
In a phytochemical investigation of Euthamia leptocephela and E. tenuifolia, the 
roots of both species provided the polyacetylenes cis- and fram’-dehydromatricaria esters; 
the triterpenes, epifriedelinol, friedelin, P-amyrin, a-amyrin; and the sesquiterpene 
curcuphenol. Both species were analyzed for their volatile constituents. Ten 
monoterpenes and 13 sesquiterpenes were identified with varying distributions in both 
species. The flowers of both species afforded the known flavanoid demethoxysudachitin 
and the known diterpene liminodilactone and its 6-P-hydroxyl derivative and acetate 
which are new compounds.
The MIC values of the three liminodilactone diterpenes, friedelin, and 
epifriedelinol were >125 pg/ml against Mycobacterium tuberculosis H37Rv and M. 
avium. ci'j-Dehydromatricaria ester had a MIC value of 25 Hg/ml against both M.
viii
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tuberculosis H37Rv and M. avium. The MIC of usnic acid was 16 |ig/ml against M. 
tuberculosis H37Rv and >125 against M. avium. Curcuphenol had a MIC of 16 against 
M. tuberculosis H37Rv.
Liminodilactone, 6-P-hydroxyliminodilactone and 6-p-acetoxyliminodilactone did 
not display any significant inhibition against Spodoptera litura larvae at 100 ppm.
ix
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Phytochem icals
Plants are amazing chemical factories. They produce an incredible structural 
variety of organic compounds that are critical for their survival. Over four-fifths of all 
presently known natural products are of plant origin. Some of the major classes of 
compounds and the numbers that have been identified are given in Table 1.1. 
Phytochemicals can be roughly divided into two classes: primary and secondary 
metabolites. Primary metabolites are compounds that are necessary for normal growth 
and development, whereas secondary metabolites are compounds which are not used by 
the plant for any of these processes (Salisbury and Ross, 1985). It has been suggested 
that secondary metabolites are merely waste products; however, the complexities of the 
structures of these molecules require an appreciable expenditure of energy by the plant 
(Gershenzon, 1994). Many of these secondary compounds influence other plant or 
animal species and they aid in the establishment of plants in their ecosystems. When 
chemicals from one species influence another species they are sometimes called 
allelochemicals (Barbour et al., 1980). A better explanation for the existence of these 
molecules is that plants have produced them in order to adapt to their surroundings. The 
stresses of climate, soil nutrition, animals, and competition from other plants all 
contribute to physiological and biochemical adaptations. One of the reasons plants have 
such a large diversity of compounds can be attributed to their inability to migrate as freely 
as animals. The adaptation may be physiological or biochemical and may take many 
generations or it may take place during the lifetime of an individual - in which case, it may 
be considered acclimatization. Biochemical adaptation can influence the primary sequence 
of a protein, alter intermediary metabolism, or it may affect secondary metabolism 
(Harbone, 1988).
It is not surprising that a large number of these secondary metabolites are also 
biologically active against a wide range of human pathogens including bacteria, fungi and 
viruses. Practically all indigenous groups of people have exploited their native botanical
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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Alkaloids 6,500 Widely in Angiosperms, in 
roots, leaves and fruits
Amines 100 Repellents and 
hallucinogens, often in 
flowers
Amino Acids 400 Widespread but especially in 
legume seeds
Cyanogenic glycosides 30 Sporadic, in fruits and 
leaves
Glucosinolates 75 Cruciferae and 10 other 
families
TERPENOIDS
Monoterpenes 1000 Widely, in essential oils
Sesquiterpenes 1500 Mainly in Compositae, but 
increasingly in other 
angiosperms
Diterpenoids 2000 Widely, especially in latex 
and plant resins
Saponins 600 In over 70 plant families
Limonoids 100 Mainly in Rutaceae, 
Meliaceae and 
Simaroubaceae
Cucurbitacins 50 Mainly in Cucurbitaceae




Carotenoids 500 Universal in leaves and in 
flowers and fruits
PHENOLICS
Simple phenols 200 Universal in angiosperms, 
gymnosperms and fems
Quinones 800 Widely, especially 
Rhamnaceae
OTHER
Polyacetylenes 650 Mainly in Compositae and 
Umbelliferae
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resources for folk medicines. The use of ethnobotanical information may lead to 
important drug discoveries in the future. Recent research indicates that plant natural 
products may function as preventive agents which may retard the onset of cancer, cardiac 
diseases, and aging. For many cultures distinctions between food and medicine are weak 
or non-existent (Johns and Chapman, 1995). In addition to providing medicinal benefits, 
plants have also played pivotal rolls in the religions of aboriginal societies because of the 
pharmacological activity on the central nervous system of the active components (Schultes 
and Hofmann, 1992).
Although most of the compounds that are listed in Table 1 display some biological 
activity, only the types of compounds that were identified during my research will be 
discussed. These include: terpenoids (monoterpenes, sesquiterpenes, triterpenes), 
polyacetylenes and phenolic compounds. Following are descriptions of these as well as 
accounts of their biological activities.
T erpeno ids
Terpenoids or isoprenoids contain the same biogenetic precursor - a five-carbon 
isoprene unit formed in the mevalonic acid pathway from acetate (Fig. 1.1). 
Combinations of two to six isoprene units can combine together to form monoterpenes 
(ten carbons), sesquiterpenes (fifteen carbons), diterpenes (twenty carbons), 
sesterterpenes (twenty-five carbons), and triterpenes (thirty carbons) respectively 
(Salisbury and Ross, 1985). Terpenoids exist as hydrocarbons or as oxygenated 
moieties with aldehyde, alcohol, ketone, ester and ether functionalities. Terpenoids are 
located within resin ducts, trichomes (Hashidoko etal., 1992; Spring etal., 1992), in 
special scent glands on leaf surfaces (Harbome, 1988), or other specialized cells of plants 
(Fahn, 1979). Some terpenoids act as hormones; however, the function within the plants 
of most of these compounds is unknown.
Monoterpenes. Monoterpenes are structurally the simplest of the terpenoids. 
They can be acyclic, monocyclic, bicylcic and tricyclic. Due to their low molecular
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 1.1. The mevalonic acid pathway.
weight and non polar character, these compounds are usually quite volatile and contribute 
to the characteristic odor of many plants. The volatility of monoterpenes plays a critical 
role in the establishment of plants in their ecosystems. Monoterpenes function as insect 
attractants and deterrents (Beck and Reese, 1976), and herbicides (Fischer and Quijano, 
1985). Plant odors can be attractive to parasitoids or predators which then attack the 
herbivores. A unique example of this can be seen with apples and the European sawfly. 
After infestation by the European apple sawfly, apples emit rrans-P-ocimene, which 
attracts a wasp that is parasitic to the sawfly (Boeve et al., 1996). The cotton plant also 
emits /rans-(3-ocimene and (3E,7E)-48,12-trimethyl-1,3,7-nonatriene after feeding
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
damage from the com earworm caterpillar (McCall etal., 1994). The broad bean (Vida 
faba) synthesizes (-)-(lR,5S)-myrtenal which stimulates specific olfactory cells on the 
antennae of the black bean aphid (Aphis fabae), this informs the insect that this plant will 
be an unsuitable host (Hardie et al., 1994). After inoculation with the bark beetle- 
vectored fungus (Leptographium terbrantis), the red pine produces higher concentrations 
of the monoterpenes a-pinene, [3-pinene, 3-carene, limonene, camphene, and myrcene 
(Fig. 1.2); which in turn inhibit the mycelial growth of the fungus (Klepzig etal., 1995). 
Monoterpenes have also been found to be active rodenticides. Chemical investigations of 
a 1200 year old pagoda in Japan which was free of damage by rodents, insects and other 
microorganisms, led to the discovery of the anti-gnawing activity of two monoterpenes: 
carvacrol and (3-thujaplicine (Fig. 1.2), isolated from the tree Thujopsis dolabrata 
(Cupressaceae) (Ahn etal., 1995). The herbicidal activity of monoterpenes has been 
investigated extensively in the California chaparral by Muller. The plants Salvia 
leucophylla, S. apiana and S. mellifera all produce the monoterpenes (3-pinene, 
camphene, camphor and cineole which inhibited the growth of test seedlings (Muller et 
al., 1964). The monoterpenes camphor, borneol, myrtenal, carveol, and carvone all 
inhibited the germination of Leptochloa and Schizachyrium, two grass species native to 
the Florida scrub community (Fischer et al., 1994).
S esquiterpenes. The sesquiterpenes are formed by various cyclizations of 
famesylpyrophosphate which is composed of three isoprene units. More than fifty basic 
skeletons have been recognized for the sesquiterpenes (Mann, 1987). Due to the large 
array of skeletal types of sesquiterpenes and the genetic control in their biosynthesis, 
these molecules have been used as chemotaxonomic markers by taxonomists. Sometimes 
a species is assigned to a genus because it produces metabolites with skeletons 
characteristic of that genus. The co-occurrence of the same skeletal type among different 
species suggests that there might be a common biosynthetic precursor.










Fig. 1.2. Examples of some biologically active monoterpenes.
The distribution of sesquiterpene lactones in Gaillardia and Helianthus, for example has 
been used to clarify the taxonomy of these genera (Petenatti etal., 1996; Spring, 1991). 
The sesquiterpenes can be located in the resin ducts of plants or in the trichomes (Spring, 
1991).
Sesquiterpenes play an active role in the chemical defenses of plants (see Fig. 1.3 
for structures). Some of these compounds may have been produced in response to 
predation by microorganisms or insects. For example, the balsam fir Abies balsamea 
synthesizes (+)-juvabione, an insect hormone that disrupts larval maturation and prevents 
metamorphosis (Harbome, 1988). Warburganal is an insect repellent produced by the
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
African tree, Warburgia stuhlmarmii, which is active against the larvae of the army worm 
(Kubo et al., 1976). An example of a phytoalexin is capsidiol which is produced by the 
sweet pepper and tobacco plants in response to fungal attack (Harborne, 1988). 
Caryophyllene epoxide, produced by Melampodium divaricatum  leaves, kills Atta 
cephalotes, a fungus that cutting ants feed on (Howard et al., 1988)
Sesquiterpenes are also involved in plant-plant interactions. The compounds (3- 
bisabolene and (3-caryopyIIene were demonstrated to be allelopathic (Grummer, 1961). 
The compounds a-guayene and a-bulnesene (Fig. 1.3) have been demonstrated to be 
strong germination inhibitors against oats, rye grass and onions (Komai etal., 1981).
Some sesquiterpenes are responsible in part, for the biological activity observed in 
medicinal plants used in folk medicines. Recently, Kubo et al. have isolated the 
sesquiterpenes (3-caryophyllene and 7-hydroxy-3,4-dihydrocadalin which displayed 
significant anti microbial activity against Propionibacterium acnes from Heterotheca 
inuloides (Asteraceae), a Mexican medicinal plant used for the treatment of acne (Kubo et 
al., 1994). The anti-inflammatory activity of Tanacetum microphyllum (Asteraceae), 
which has been used since ancient times in Spanish traditional medicine, is in part due to 
the presence of the sesquiterpene lactone hydroxyachilein (Abad et a I., 1994).
Diterpenes. Diterpenes comprise another large group of natural products. The 
progenitor of most of these compounds is geranyl pyrophosphate or its isomer, geranyl 
linalyl pyrophosphate. These can undergo various cyclizations to form a variety of 
diterpene skeletal systems. Some of the major skeletal types of diterpenes are given in 
Fig. 1.4. The biological activity of diterpenes have been investigated from an ecological 
and medicinal standpoint as well. They are effective as feeding deterrents to insects, and 
active against bacteria and fungi. Hardwickiic acid, which is common in many Solidago 
species, displays insecticidal activity against Aphis craccivor (Bandara etal., 1987). The 
three neo-clerodane diterpenes (eriocephalin, teucrin-A, and teuscorolide) (Fig. 1.5) all 
displayed significant antifeedant activity against the larva of the Colorado potato beetle.














Fig. 1.3. Some examples of biologically active sesquiterpenes.












Fig. 1.4. Major skeletal types of diterpenes (Hanson, 1968).
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(Ortego et al., 1995). Several labdane-type diterpenes have been isolated from Cistus 
incasnus subsp. creticus (Cistaceae), a resinous Mediterranean medicinal plant, and 
assayed for their antimicrobial activities. The most active compound was 
(5R,8R,9R,10R) labdan-13(E)-eve-8a,15-diol, which was active against Staphylococcus 
aureus, Pseudomonas aeruginosae, Klebsiella pneumoniae and Candida albicans (Chinou 
et al., 1994). Chemical investigations of the dark-red viscous sap of Croton lechleri, 
otherwise known as dragon’s blood by Peruvians, has led to the discovery of korberin A 
(Fig. 1.5) and some other related diterpenes with potent anti-bacterial activity against 
Bacillus subtilis and Escherichia coli (Chen et al., 1994). Dehydroabietic acid showed 
antifungal properties against Pyricularia oryzae (San Feliciano et al., 1993). Some 
diterpenes are toxic to humans as well. The helioscopinolides (Fig. 1.5), isolated from 
Euphorbia calyptrata var. involuncrata (otherwise known as the “madness shrub” by the 
inhabitants of the Sahara desert in Algeria), are active on the central nervous system in 
humans (Speroni etal., 1991).
Triterpenes. Triterpenes are another class of compounds of which some are 
biologically active (see Fig. 1.6). A unique ecological function of some triterpenes is their 
mimicking ability of insect molting hormones. The compound P-ecdysone, for example, 
is an insect molting hormone which, when applied to insects can cause abnormalities in 
growth which lead to sterility and early death. It is surprising that this compound occurs 
regularly in ferns and gymnosperms (Harbome, 1988). An antibiotic triterpene against 
Bacillus subtilis is 16a-hydroxy-24-methylene-3-oxolanosta-7,9(ll)-dien-21-oic acid 
(Fig. 1.6) (Keller et al., 1996). The compound 25-hydroperoxy-4a, 14a-dim ethyl 
cholesta-8,25dien-3P-ol exhibits antibacterial activities against Escherichia coli, Bacillus 
subtilis and Micrococcus luteus (Kato et al., 1996). Investigations of Euphorbia 
cyparissias, a rare cypress species in Turkey used in Turkish folk medicine to cure warts, 
have produced the triterpene 3P-hydroxycycloart-25-ene-24-one which displayed 
cytotoxic activity against P388 lymphocytic cells (Oksuz et al., 1994).
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Fig. 1.5. Some biologically active diterpenes.

















Fig. 1.6. Biologically active triterpenes.
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Polyacetylenes
Polyacetylenes are widely distributed in nature and are quite common in the 
Asteraceae family (Bohlmann et al., 1973; Christensen and Lam, 1991), the Umbelliferae 
family and in fungi. Over one thousand polyacetylenes are known with a large variety of 
structural types (see Fig. 1.7). Polyacetylenes are derived from acetyl-SCoA and 
malonyl-SCoA (Bohlmann et al., 1973). Many of the polyacetylenes are potent 
antibiotics and are active against fungi as well (Mann, 1987). A common polyacetylene 
which displays significant biological activity is ds-dehydromatricaria ester, which inhibits 
the growth of rice seedlings (Saiki and Yoneda, 1981), the growth of mammalian tumor 
cells (Matsunaga e ta i ,  1990), and is toxic to nematodes (Saiki and Yoneda, 1981). The 
compound 10-(2-methyl-2-butenoyloxy)-c/s-2-c/s-8-decadiene-4,6-diynoate displays 
significant allelopathic activity against barnyard millet (Ichihara et al., 1976). 
Minquartynoic acid, isolated from Minquartia guianensis (Olacaceae), was active active in 
a brine shrimp larvicidal bioassay. Minquartia guianensis also has a history of use by the 
Quijos Quichua people of Ecuador for intestinal parasitic infections, lung cancer, and 
tuberculosis (Maries and Farnsworth, 1989). Bidens campylotheca (Asteraceae), which 
is used for treating general debility of the body, throat and stomach disorders in Hawaiian 
folk medicine (Akana, 1922) produces the polyacetylenes, safynol-2-O-isobutyrate and 
heptadeca-2E,8Z,10E,16-tetraene-4,6-diyne which have been found to exhibit anti­
inflammatory activity (Redl et al., 1994). Polyacetylenes have also been used as 
taxonomic markers in the Asteraceae (Christensen and Lam, 1991).
Phenolics
A wide variety of phenolic compounds have been isolated from natural sources. 
Some examples are given in Fig. 1.7. These compounds also serve ecological functions 
benefiting the organism which produces them and may be partly responsible for the 
therapeutic properties of traditional medicines. The compound 4-vinylphenol, a common











heptadeca-2E,8Z, 10E, 16-teiraene-4,6-diyne 
Fig. 1.7. Biologically active polyacetylenes.
metabolite of fruits, flowers and bacteria was isolated as the major component of the 
fungus Phellinus pini, which is pathogenic to conifer trees. Interestingly, this fungus is 
also antagonistic towards other pathogenic fungi - bioassays with 4-vinylphenol resulted 
in inhibition of three other pathogenic fungi (Ayer et al., 1996). The Chilean tree 
Psoralea glandulosa L. (Papilionaceae), is reported to have natural resistance to herbivory 
and is used in traditional medicine. One of the major compounds in this plant is the 
phenolic compound bakuchiol, which has antimicrobial, antimutagenic, insect juvenile 
hormone activity and activity against Spodoptera littoralis (Labbe’ et al., 1996). The
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roots of Gentiarta macrophylla Pall. (Gentianaceae) have been used by the Chinese for the 
treatment of jaundice, hepatitis, and rheumatism in traditional Chinese medicine. 
Investigations of this plant have revealed that one of the biologically active constituents is 
the dihydroflavone, kurarinone, which exhibits activity against the plant pathogenic 
fungus Cladosporium cucumerinum and the human pathogenic fungus Candida albicans 
(Tan et al., 1996). Phenolic compounds can also act as natural herbicides. For example, 
the compounds salicylic acid, o-coumaric acid and nordihydroguaiaretic acid all have been 
reported to inhibit the germination of grasses and other herbs (Harbome, 1988).
OH
4-vinylphenol
c o 2h CH=CHCOjH









Fig. 1.8. Biologically active phenolic compounds.
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The chemical interactions of plants with other plants, fungi, bacteria, insects and 
herbivores has influenced the ecological adaptations of plants in their environments. 
Plants have developed a wide variety of complex molecules to cope with these various 
stresses. The genetic makeup of plant populations is also in a state of constant flux and 
new species are constantly evolving. Humans have exploited plants for their intrinsic 
biological properties and have incorporated plants into traditional medicines for thousands 
of years.
A search for biologically active molecules could thus be guided by observations of 
the interactions of plants with other organisms in their natural ecosystems as well as by 
the uses of plants in traditional medicines by aboriginal people. In this study, both of 
these leads were used in order to discover putative biologically active natural products 
from endemic plants of the Southeastern United States.
In Chapter 2, the observed allelopathic properties of three lichens (Cladonia spp.) 
in the Florida scrub suggested the presence of naturally occurring herbicidal compounds. 
A chemical investigation of these species lead to the isolation of usnic acid and atranorin, 
whose herbicidal activities were investigated. Additionally, biological assays were 
performed with a series of known allelopathic terpenoid compounds in order to determine 
the relationship between the concentration of the compounds and their ability to inhibit 
germination and reduce the radicle growth of four test species.
The genus of Euthaniia has a history of use by American Indians for the treatment 
of a number of maladies including respiratory illnesses (Densmore, 1928). A chemical 
investigation of the secondary metabolites produced by E. leptocephela and E. tenuifolia 
is described in Chapter 3.
The results of anti-mycobacterial assays of biological activities of plant extracts 
and isolated compounds are given in Chapter 4.
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CHAPTER 2
INVESTIGATIONS OF BIOLOGICALLY ACTIVE PHYTOCHEMICALS
FROM THE FLORIDA SCRUB
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Introduction
The southeastern coastal plains of Florida support a unique environment 
composed of two distinct plant communities: the sandhill and scrub. Both communities 
share the same subtropical climate, rainfall, and sandy soil; however, the composition of 
species and the fire frequency in the two communities are dramatically different (Fischer 
et al., 1994; Richardson, 1989).
The sandhill is an open woodland composed of slash pine (Pinus elliottii 
Engelm.), longleaf pine (P. palustrus Mill.), sand live oak (Quercus germinata Small), 
and turkey oak (Q. laevis W alt). There is also a dense ground cover of grasses - mainly 
wiregrass (Aristrida stricta Michx.) and beard grass {Schizachyrium and Andropogon 
spp.) (Fischer et al., 1994). The grasses and pine needles supply fuel for fires which 
occur every three to eight years (Williamson and Black, 1981).
The scrub community contains a wide variety of endemic shrubs with no grassy 
ground cover. It exists as strands and islands interspersed within the sandhill. Some of 
the shrubs that grow in the scrub are the Florida rosemary [(Ceratiola ericoides 
(A.Gray)] two mints [Calamintha ashei (Weatherby) Shinners, and Conradina canescens 
(Torr. and Gray)] and the woody goldenrod [Chrysoma pauciflosculosa (Michx.) 
Green]. Unlike the grassy sandhill community, fires occur in this area every 20-50 
years.
The lack of significant differences between soil type, soil pH, and nutrient levels 
led to the hypothesis that the plants may produce biologically active compounds which 
suppress and/or inhibit the growth of plants in their immediate vicinity (Fischer et al., 
1988). An explanation for the lack of grasses around the scrub plants is that rain water 
dissolves soluble chemicals from the leaves which are leached into the soil (Williamson et 
al., 1989). The chemicals in the soil then inhibit the germination of grasses around plants 
growing in the scrub (De la Pena, 1985).
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In previous investigations o f the chemical ecology of the Florida scrub, the 
determination of the allelopathic properties of plants in the Florida scrub community has 
involved the following: 1) Identification of putative allelopathic plants based on field 
observations, 2) Assessment of the biological activity of aqueous plant leachates against 
native grasses, 3) Isolation of active compounds in a bioassay-guided chromatographic 
separation of organic plant extracts, and 4) Bioassays with isolated pure compounds 
(Menelaou, 1990; Richardson and Williamson, 1988; Tanrisever et al., 1988; Williamson 
et al., 1989).
Several biologically active compounds have been identified since investigations of 
the chemical ecology of the Florida scrub ecosystem have been initiated (Fischer et al., 
1994). A phytochemical investigation of Conradina canescens has yielded the 
allelopathic monoterpenes 1,8-cineole, camphor, myrtenal, and myrtenol (Fig.2.1) (De la 
Pena, 1985). Chrysoma pauciflosculosa, commonly known as the woody goldenrod, 
also has a distinct zone of inhibition around the plant. The allelopathic compounds 
isolated from this plant include the diterpenes 17-hydroxygrindelic acid and 17- 
oxogrindelic acid (Fig. 2.1) (Menelaou, 1990). From Calamintha ashei, the allelopatic 
monoterpenes epievodone, and calaminthone (Fig. 2.1) have been isolated (Fischer et al., 
1994). The evergreen, Ceratiola ericoides, commonly known as the false rosemary, 
deposits a ring of dead leaves around the base of the plant which creates a zone of plant 
growth inhibition (Williamson and Richardson, 1988). A constituent of C. ericoides is 
ceratiolin which photochemically decomposes to form hydrocinnamic acid (Fig. 2.1) 
(Tak, 1995). Ceratiolin is non-toxic and shows no inhibition of germination against 
native sandhill grasses; however, hydrocinnamic acid has been demonstrated to inhibit the 
germination and growth of sandhill grasses (Tanrisever et al., 1987). Bioassay-directed 
chemical separations have also revealed that C.ericoides contains borneol, camphor, 
famesol, geraniol, the flavonoids, catechin, epicatechin and a dimer (A-2) (Fig. 2.2). 
Catechin exhibited the greatest germination inhibition against Schyazchrium scoparium;
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Fig. 2.1. Allelopathic compounds present in plants in the Florida scrub.
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Fig. 2.2. Phenolic compounds isolated from plants and lichens in the Florida scrub, 
however, the germination and growth inhibitions observed from the isolated flavonoids 
were not as great as the levels when plant leachates were used (Fischer et al., 1988).
Most of the bioassays performed for investigations of allelopathy in the Florida 
scrub have been with saturated aqueous solutions of the compounds being tested (Fischer 
et al., 1988; Williamson et al., 1989). The dependence of concentration of a few 
monoterpenes has been determined with interesting results. One example is (lS)-(-) 
camphor, which at a concentration of lppm was capable of inhibiting the germination of 
Rudbeckia (a native dicot species) and stimulating the germination of Schizachrium 
scoparium , a native grass in the Florida sandhill (Tanrisever et al., 1987). The 
concentration dependency on the influence of germination of native Florida grasses for 
the monoterpenes borneol, (+)-camphor and pulegone has been investigated by
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Weidenhamer (1991). It was discovered that camphor inhibited the germination of 
Rudbeckia hirta at concentrations as low as lppm (Weidenhamer, 1991).
For this study, an investigation of the concentration dependence of monoterpenes 
in eliciting an allelopathic response was performed. One of the goals was to determine 
the minimum amount of the compound necessary to inhibit germination or radicle growth 
of the test plant species. Similar pairs of compounds were employed for this study which 
differed in: chirality [(R)-and (S)-camphor], degree of oxidation (myrtenol and myrtenal) 
and the length of the carbon skeleton [geraniol (Cio) and famesol (C15)].
Additionally, since previous research has been fruitful in identifying biologically 
active phytochemicals in the Florida scrub ecosystem, a bioassay-guided search for 
putative allelochemicals was also performed. The 300 plants inhabiting the unique 
ecosystem of the Florida scrub - with 10 to 40% being endemic (Richardson, 1989) - are 
a promising source for biologically active natural products. The scrub community 
contains large areas exclusively populated by the sand spike moss (Selaginella arenicola 
Underw.) and the lichens: Cladonia prostrata L., Cladonia leporina Fr„ and Cladonia 
subtenuis (Abb.) Evans. Due to the lack of any other vegetation observed growing 
around these plants, they were suspected of containing allelopathic compounds. These 
plants were thus incorporated in bioassays and chemically investigated for this research 
project.
Results and Discussion
Influence of varied monoterpene concentrations on the germination 
and radicle growth of test species. Results of the bioassays are tabulated in tables 
2.1, 2.2, 2.4, and 2.5, and are graphed in figures 2.3 - 2.16. The monoterpene 1,8- 
cineole strongly inhibited the germination and radicle growth of Rudbeckia  at 
concentrations as low as 16 ppm. The germination and radicle growth of lettuce were not 
significantly reduced until higher concentrations of 165 ppm and 330 ppm were used. 
Schyzachyrium had a lower germination rate but its radicle growth was not as strongly
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inhibited as Leptochloa at higher concentrations. In a saturated solution, the radicle 
growth of Leptochloa  was 72% of the control; whereas the radicle growth of 
Schyzachyrium was 0%. In a previous study, a saturated aqueous solution of 1,8-cineoIe 
was found to reduce both the germination and radicle growth of Schyzachyrium but did 
not have a significant effect on the growth of Leptochloa (Williamson et al., 1989).
A profound difference in the germination rate and radicle growth was observed 
between the two enantiomers (R)-camphor and (S)-camphor. The germination and 
radicle growth of all four test species were inhibited by (S)-camphor with Rudbeckia 
being the most sensitve and Schizachyrium  the least sensitive. The germination of 
Leptochloa was stimulated from 5 - 2 8  ppm but was inhibited at higher concentrations of 
134 ppm. There were also inhibitory effects observed by (R)-camphor with the dicots 
Lactuca and Rudbeckia-, however, the monocots Schizachyrium and Leptochloa were not 
as strongly affected. A similar chiral recognition has been observed in germination 
studies with lettuce when (-)-carvone and (+)-carvone were used; (+)-carvone was ten 
times more active than its enantiomer in causing a 50% reduction in the germination of 
lettuce (Reynolds, 1987). The (+)-m-enantiomer of p-m enthane-3 ,8 -c/5 -diol also 
exhibited higher germination inhibitory effects against lettuce than its enantiomer 
(Nishimura et al., 1982).
The monocots were inhibited more strongly by myrtenal than myrtenol; however, 
the growth of Rudbeckia was inhibited more by myrtenol. In an earlier study performed 
with a saturated solution of myrtenal, the percent germination and percent radicle growth 
of Lactuca were 95% and 8 % respectively, whereas Schizachyrium was not as strongly 
affected having a 59% and 112% germination rate and radicle growth (Fischer et al., 
1988). A significant difference was not observed between the responses of Lactuca to 
myrtenol and myrtenal. A similar study was performed by Menelaou (1990) to compare 
the responses of the same test species to the alcohol, 17-oxygrindelic acid and the 
aldehyde 17-oxogrindelic acid. Menelaou also found that the aldehyde was slightly more
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active than the alcohol attributing the greater activity to the alkylating property of the a,J3- 
unsaturated aldehyde.
The monoterpene geraniol was significantly more phytotoxic than the 
sesquiterpene famesol. Although geraniol had a strong stimulatory effect on 
Schizachyirium at a concentration of 10 ppm, it inhibited the growth of all test species at 
50 ppm. Famesol stimulated the germination of Schizachyrium and the radicle growth of 
Rudbeckia at concentrations of 10 to 50 ppm, but did not inhibit the radicle growth of 
Lactuca, Leptochloa and Schizachyrium until a concentration of 100 ppm was used. 
Famesol and geraniol had been detected in the hexane extract of C. ericoides leaves 
(Jordan et al., 1992) but this was the first time these compounds have been employed in 
bioassays for investigations of the Florida scrub. Famesol has been detected in the 
methanol extract of water nutgrass (Cyperus serotinus), which at 300 ppm inhibited the 
germination and growth of lettuce and rice (Komai et al., 1981). Geraniol has been 
reported to be phytotoxic against lettuce (Reynolds, 1987).
A llelopathic activity o f lichens and depsides. Aqueous extracts of the 
lichens Cladonia prostata L., C. leporina Fr., and C. subtenuis (Abb.) Evans, and of the 
sand spike moss (Selaginella arenicola Underw.) were employed in bioassays with the 
four test species mentioned above. None of the aqueous extracts displayed any 
appreciable degree of activity compared to water controls. However, due to accounts of 
the phytotoxicity of lichen products (Dalvi et al., 1972; Huneck and Schreber, 1972), it 
was suspected that the compounds isolated from lichens might be plant growth inhibitors. 
The depsides atranorin and usnic acid were isolated from C. prostrata and C. leporina 
respectively and were tested in bioassays against the four test species mentioned earlier. 
The germination and radicle growth data for the depside bioassays are given in tables 2.3 
and 2.6 and graphed in figs. 2.17 - 2.20.
Atranorin did not significantly affect the germination rate of any of the test 
species, however, it did stimulate the germination of Rudbeckia. Atranorin has reported
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phytoxic ativity against watercress at 103 M, and stimulatory activity of the growth of 
oats at a concentration of 10' 6  M (Huneck and Schreber, 1972). It has been postulated 
that the decomposition products of depsides might actually be responsible for the 
biological activity observed with these compounds (Culberson, 1969), thus bioassays 
were performed with the hydrolysis product of atranorin produced by a basic hydrolysis 
of the depside. The atranorin hydrolysis product reduced the germination rate of Lactuca 
at a concentration of 500 ppm but stimulated the germination of Leptochloa  at 
concentrations of 50 to 500 ppm. The hydrolysis product was active at reducing the 
radicle growth of both Lactuca at concentrations of 50 to 500 ppm and Leptochloa at 
concentrations of 125 to 500 ppm.
Usnic acid stimulated the germination of Lactuca, Rudbeckia and Leptochloa at 1 
ppm and reduced the germination rate (< 30% of controls) and radicle elongation (< 20% 
of controls) for all of the tested species except Lactuca at 50 ppm. Usnic acid has been 
reported to inhibit the germination and growth of mung beans (Phaseoulus mungo) and 
wheat (Triticum sativum) due to its inhibition of the rate of respiration and the activities of 
amylase, protease and phosphatase (Dalvi et al., 1972).
Conclusions. One should use caution when attempting to explain biological 
and chemical phenomena in the field based on laboratory observations. Any ecosystem is 
influenced by a variety of factors including climate, soil type, plant and animal 
composition and microflora. These data support findings in previous investigations that 
the monoterpenoids are allelopathic compounds and may play a role in the fire ecology of 
the Florida scrub by preventing the growth of invading species. Each plant species that 
was tested displayed a unique response when treated with the various chemical 
compounds indicating that different physiological and/or biochemical modes of defense 
exist in these different plant species. Synergistic effects of allelochemicals have also been 
observed (Fischer etal., 1994). An interesting feature of many of the compounds tested 
is the growth stimulation at lower concentrations and growth inhibition at higher
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concentrations which is a common occurrence in allelopathy (An et al., 1993). A 
mathematical model derived from enzyme kinetics (Thomley and Johnson, 1990) 
accurately simulates the biological response from a wide range of allelopathic experiments 
(An et al., 1993). Although the inhibitory effect of allelochemicals has been explained by 
the inhibition of various enzymes, stimulatory effects are often ignored. An investigation 
of the monthly variation in response of sandhill grasses to leaf washes of Conradina 
canescens revealed that there was stimulation of growth during periods of low rainfall in 
the fall and winter and strong inhibition during periods of high rainfall during the summer 
(Williamson etal., 1989).
The increased activity of the hydrolysis product of atranorin suggests that 
decomposition products of phytochemicals play an important role in the ecology of this 
ecosystem. The identification of allelopathic organic compounds in the Florida scrub may 
provide significant leads in the search for new biologically active molecules for herbicides 
and medicinal research as many biologically active compounds have a broad spectrum of 
activity.
Experim ental
Bioassays. The bioassays were performed by using 480 ml glass jars lined 
with Whatman no. 1 filter paper. The lids were lined with foil and tightly sealed to 
prevent volatilization of the monoterpenes. Each jar contained 25 seeds of one of four 
test species. The native monocot species were little bluestem cv. 'Cimarron' 
(Schizachyrium scoparium) and green sprangletop (Leptochloa dubia). The dicot species 
tested were black-eyed susan (Rudbeckia hirta), a sand hill species, and lettuce cv. 'Great 
Lakes 118' (Lactuca sativa).
Concentrated solutions were prepared of the monoterpenes based on the values 
determined by Weidenhamer (1991). The concentrated solutions were: (lS)-(-)-camphor 
(550 ppm), (lR)-(+)-camphor (550 ppm), 1,8-cineole (330 ppm), myrtenol (1000 ppm), 
myrtenal (305 ppm), famesol (400 ppm), and geraniol (400 ppm). Dilutions of 50%,
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25%, 10%, 5%, and 1% were made of each terpene and five ml of each concentration 
was applied to the filter paper in the jars for the bioassays. Treatments were replicated 
three times for all species with the exception of Schizachyrium, which was replicated six 
times due to its low germination rate. Assays were carried out in the dark at room 
temperature (23-25°C). Dishes were frozen to terminate growth after three days for 
lettuce, four days for Rudbeckia and five days for the grasses. The number of seeds that 
germinated was recorded as well as the length of the radicle in mm. Responses were 
compared to the controls (P = 0.05) using the least squares means of the general linear 
models procedure of the Statistical Analysis System (SAS) programs.
Plant M aterial. The lichens Cladonia prostrata L., C. leporina Fr., and C. 
subtenuis (Abb.) Evans were collected on August 7, 1992 by Dr. Nikolaus Fischer and 
Helga Fischer (Collection numbers F-447, F-443 and F-444, respectively) 300 yards 
north of the Holiday Inn in Sebring, Florida. Identification of the lichens was performed 
by Dr. Shirley Tucker formerly at the Department of Biology at Louisiana State 
University.
Isolation and chemical identification of atranorin . The known depside 
atranorin (Fig. 2.2) was isolated as crystals from the dichloromethane extract of Cladonia 
prostrata. Its structure was determined by *H NMR, I3C NMR, FAB MS and verified by 
X-ray crystallography. The NMR were in agreement with previously published data 
(Siegfried and Linscheid, 1968); however the 13C assignments were revised from 
previously published data on the basis of HETCOR and COLOC experiments (Nicollier 
and Tabacchi, 1976). The proton and carbon chemical shifts are given in table 2.8 and 
the spectra are shown in figures 2.21 - 2.24.
X-Ray d a ta  o f a trano rin . Recrystalization of atranorin in ethyl acetate 
afforded colorless crystals, m.p. 196°C. A colorless plate of dimensions 
0.5x0.25x0.35mm was used for data collection on an Enraf-Nonius CAD4 diffractometer 
equipped with CuKa radiation (1=1.54184 A), and a graphite monochromator. Crystal
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data are: CigHigOg, Mr=374, orthorhombic space group ? 2 \2 \2 \, a=10.9217(6), 
b=l 1.2573(11), c=14.8752(9)A, V=1722.9(5)A3, Z=4, dc=1.276 g cm-3, T=24°C. 
Intensity data were measured by co-20 scans of variable rate, 0.66-3.30° min*1. designed 
to yield I=25s(I) for all significant reflections. Two octants of data were collected within 
the limits 2°<0<75°. Data reduction included corrections for background, Lorentz, 
polarization, and absorption effects. Absorption corrections (jj.=9.182 cm '1) were based 
on a series of \|/ scans, with minimum relative transmission coefficient 92.1%. Of 3461 
unique data, 3015 had I>3cr(I) and were used in the refinement.
The structure was solved by direct methods using RANT AN (Yao, 1981) and 
refined by full-matrix least squares, treating nonhydrogen atoms anisotropically, using 
the Enraf-Nonius MolEN programs (Fair, 1990). Hydrogen atoms were located using 
difference maps and refined isotropically, except for those of the methyl groups, which 
were placed in calculated positions. Convergence was achieved with R=0.050, 
Rw=0.068, and GOF=3.595. The X-Ray structure is illustrated in Fig.2.25 and its 
coordinates are tabulated in Table 2.7.
Hydrolysis o f atranorin. Atranorin (30mg) was dissolved in a 20ml of a IN 
solution of sodium hydroxide and refluxed for one hour. Extraction with 
dichloromethane yielded 12.3 mg of the hydrolysis product which was analyzed by 
NMR. The chemical shifts were consistant with previously published values (Siegfried 
and Linscheid, 1968).
The known compound (±)-usnic acid (Figure 2.2) was isolated as crystals after a 
vacuum liquid chromatographic separation of the dichloromethane extract of Cladonia 
leporina by vacuum liquid chromatography. The NMR (Huneck et al., 1981) and 13C 
NMR (Cooper etal., 1992) were in agreement with previously published values. The 
spectra are shown in figures 2.26 and 2.27.
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Table 2.1. Germination-^ of four test species in response to cyclic monoterpenes.
Compound Lactuca Rudbeckia Leptochloa Schizachyrium
%saL soln. ppm
cineole
1 0 0 330 7* 0 * 72* 58*
50 165 25* 0 * 80 81
25 83 90 4* 70 95
10 33 96 1 2 * 92 105
5 17 96 17* 71 1 1 0
1 4 96 80* 6 6 91
(S)-camphor
1 0 0 550 0 * 0 * 0 * 0 *
50 275 0 * 0 * 0 * 1 1 *
25 134 4* 3* 0 * 50*
10 55 1* 1* 85* 78
5 28 16* 3* 106* 83
1 5 1 0 0 18* 108* 92
(R)-camphor
50 275 0 * 0 * 81 74
25 134 3* 0 * 82 81
10 55 53* 15* 81 113
5 28 80 25* 61 8 8
2.5 14 99 70* 6 6 79
1 5 97 76* 93 109
0 .1 3 93 1 0 2 89 96
l(R)-(-)-myrtenol
50 550 0 * 0 * 0 * 0 *
25 225 4 * 0 * 0 * 14*
10 1 0 0 96 4* 85 85
5 50 1 0 0 19* 95 97
2.5 25 98 39* 8 8 83
1 3 96 70 76 80
l(R)-(-)-myrtenal
10 31 91 34* 63* 63
5 15 91 46* 73 80
2.5 8 99 79 105 1 0 0
1 4 1 0 0 69 105 85
£ Germination values are expressed as percentages of controls.
* An asterix indicates significant difference from the control at P = 0.05.
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Table 2.2. Germination^ of four test species in response to famesol and geraniol.
Compound Lactuca Rudbeckia Leptochloa Schizachyrium
%sat. soln. ppm
famesol
1 0 0 400 1 0 0 87 71 1 1 2
50 2 0 0 98 1 0 0 89 163
25 1 0 0 98 76 124 144
1 0 40 98 81 1 0 0 175
geraniol
1 0 0 400 0 * 0 * 0 * 0 *
50 2 0 0 0 * 0 * 28* 43*
25 1 0 0 92 48 85 1 0 0
1 0 40 97 85 87 168
Table 2.3. Germination^ of four test species in response to depsides.
Compound Lactuca Rudbeckia Leptochloa Schizachyrium
%sat. soln. ppm
atranorin
1 0 0 1 0 0 103 8 8  1 0 0 1 0 0
50 50 99 105 106 108
1 0 1 0 108 116 106 108
0 0 1 0 0 1 0 0  1 0 0 1 0 0
atranorin hydrolysis product
1 0 0 500 80 138 -
50 250 1 0 0 165 -
25 125 92 96 -
1 0 50 84 138 -
0 0 1 0 0 1 0 0 -
usnic acid
1 0 0 1 0 0 77 0 * 0 * 0 *
50 50 89 4* 14* 33*
1 1 130 106 105 1 0 0
0 0 1 0 0 1 0 0  1 0 0 1 0 0
t  Germination values are expressed as percentages of controls.
* An asterix indicates significant difference from the control at P = 0.05.
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Table 2.4. Radicle elongation^ of four test species in response to cyclic monoterpenes.
Compound Lactuca Rudbeckia Leptochloa Schizachyrium
%sat. soln. ppm
cineole
1 0 0 330 7* 0 * 6 6 * 75
50 165 37* 0 * 75 108
25 83 80* 30* 96 97
1 0 33 8 8 40* 92 95
5 17 8 8 58 78 89
1 4 83 8 8 103 54
(S)-camphor
1 0 0 550 0 * 0 * 0 * 0 *
50 275 0 * 0 * 0 * 7*
25 134 43* 15* 0 * 24*
1 0 55 61 15* 65 56
5 28 54* 103 95 71
1 5 99 72 98 93
(R)-camphor
50 275 0 * 0 * 6 6 96
25 134 39 0 * 91 89
10 55 24 35 96 1 0 0
5 28 6 6 50 96 6 8
2.5 14 95 74 107 1 1 0
1 5 1 0 2 93 108 46
0 .1 3 98 8 6 106 93
l(R)-(-)-myrtenol
50 550 0 * 0 * 0 * 0 *
25 225 7 * 0 * 0 * 1 2 *
1 0 1 0 0 6 8 13* 128 105
5 50 8 6 17* 12 1 89
2.5 25 93 47 117 93
1 3 93 52 118 70
l(R)-(-)-myrtenal
1 0 31 63 60* 1 2 0 6 8
5 15 82 52* 124 72*
2.5 8 82 65* 140 50*
1 4 1 0 0 59* 125 41
$ Radicle lengths are expressed as percentages of controls.
* An asterix indicates significant difference from the control at P = 0.05.
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Table 2.5. Radicle elongation^ of four test species in response to famesol and 
geraniol.
Compound Lactuca Rudbeckia Leptochloa Schizachyrium
%sat. soln. ppm
famesol
1 0 0 400 6 8 * 1 0 0 52* 72
50 2 0 0 8 6 1 0 0 83 111
25 1 0 0 81 170 106 97
1 0 40 103 140 106 1 2 2
geraniol
1 0 0 400 0 * 0 * 0 * 0 *
50 2 0 0 0 * 0 * 6 * 18*
25 1 0 0 46* 54* 2 2 * 72
1 0 40 70* 57* 79 8 8
Table 2.6. Radicle elongation^ of four test species in response to depsides.
Compound Lactuca Rudbeckia Leptochloa Schizachyrium
%sat. soln. ppm
atranorin
1 0 0 1 0 0 1 1 2 140 1 1 0 111
50 50 133 150 1 1 2 127
1 0 1 0 1 0 0 166 81 80
0 0 1 0 0 1 0 0 1 0 0 1 0 0
atranorin hydrolysis product 
100 500 31* 52
50 250 78 - 93 -
25 125 43 - 63 -
1 0 50 74 - 146 -
0 0 1 0 0 - 1 0 0 -
usnic acid
1 0 0 1 0 0 4* 0 * 0 * 0 *
50 50 105 2 * 0 * 2 0 *
1 1 107 1 1 0 95 113
0 0 1 0 0 1 0 0 1 0 0 1 0 0
£ Radicle lengths are expressed as percentages of controls.
* An asterix indicates significant difference from the control at P = 0.05.
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Fig. 2.3. Effect of cineole on the germination of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.4. Effect of cineole on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.







Fig. 2.5. Effect of (S)-camphor on the germination of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.6. Effect of (S)-camphor on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.7. Effect of (R)-camphor on the germination of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.8. Effect of (R)-camphor on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.9. Effect of myrtenol on the germination of Lactuca sativa, Rudbeckia hirta, 
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Fig. 2.10. Effect of myrtenol on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.11. Effect of myrtenal on the germination of Lactuca sativa, Rudbeckia hirta, 
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Fig. 2.12. Effect of myrtenal on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.13. Effect of farnesol on the germination of Lactuca sativa, Rudbeckia hirta, 
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Fig. 2.14. Effect of farnesol on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.15. Effect of geraniol on the germination of Lactuca sativa, Rudbeckia hirta, 
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Fig. 2.16. Effect of geraniol on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Fig. 2.17. Effect of atranorin on the germination of Lactuca sativa, Rudbeckia hirta, 
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Fig. 2.18. Effect of atranorin on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium
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Fig. 2.19. Effect of usnic acid on the germination of Lactuca sativa, Rudbeckia hirta, 
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Fig. 2.20. Effect of usnic acid on the radicle growth of Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium.
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Table 2.7. 13C and ^  NMR spectral data of atranorin (200 MHz in CDCI3).
Position 13C chemical shifts *H chemical shifts
1 103.03 -
2 169.26 12.48 s (OH)
3 167.68 -
4 108.73 12.53 s (OH)
5 113.03 6.37 s
6 152.61 -
7 169.88 -
1 ’ 110.45 -
T 152.18 11.93 s (OH)
y 163.06 -
4’ 116.96 -
5’ 116.21 6.49 s
6 ’ 140.05 -
C(3)-CHO 194.00 10.33 s
C(6 )-CH3 25.74 2 .6 6  s
C (l’)-COO 172.38 -
COOCH3 52.51 3.96 s
C(3’)-CH3 9.54 2.06 s
C(6’)-CH3 24.19 2.51 s
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Table 2.8. Fractional atomic coordinates and equivalent isotropic thermal parameters 
(A2) of atranorin.
Atom X y z Beq*
Ol -0.4903(1) 0.2274(1) 0.12845(8) 5.36(3)
02 -0 .2 1 1 1 (1) 0.0701(1) 0.03860(7) 4.79(3)
03 -0.4393(1) 0.1505(1) 0.00861(8) 5.71(3)
04 0.11672(9) 0.1545(1) 0.33055(7) 4.16(2)
05 0.0616(1) 0.0465(1) 0.43626(8) 5.24(3)
06 0.6589(1) 0.1260(1) 0.66743(9) 5.41(3)
07 0.2256(1) 0.0023(1) 0.59976(7) 4.64(2)
08 0.5804(1) 0.0191(1) 0.79069(9) 5.91(3)
C l -0.0148(1) 0.1612(1) 0.2719(1) 3.50(3)
C2 -0.0986(1) 0.2284(2) 0.3026(1) 3.78(3)
C3 -0.2269(1) 0.2418(1) 0.2461(1) 3.57(3)
C4 -0.2694(1) 0.1850(1) 0.15596(9) 3.30(3)
C5 -0.1784(1) 0 .1 2 2 2 ( 1) 0.1254(1) 3.45(3)
C6 -0.0486(1) 0.1083(1) 0.1837(1) 3.57(3)
C7 0.0463(2) 0.0402(2) 0.1507(1) 5.42(4)
C8 -0.3118(2) 0.3183(2) 0.2840(1) 5.27(4)
C9 -0.4057(1) 0.1864(1) 0.0904(1) 3.93(3)
CIO 0.3741(2) 0.2281(2) 0.0679(2) 6.33(5)
C ll 0.1453(1) 0.0992(1) 0.4151(1) 3.52(3)
C12 0.2812(1) 0.1076(1) 0.4769(1) 3.16(3)
C13 0.3127(1) 0.0574(1) 0.5690(1) 3.31(3)
C14 0.4400(1) 0.0636(1) 0.6352(1) 3.59(3)
C15 0.5356(1) 0.1185(1) 0.6072(1) 3.78(3)
C16 0.5063(1) 0.1670(1) 0.5166(1) 3.91(3)
C l l 0.3824(1) 0.1636(1) 0.4520(1) 3.40(3)
C18 0.3614(1) 0 .2 2 0 1 (2 ) 0.3565(1) 4.88(4)
C19 0.4705(2) 0.0162(2) 0.7305(1) 4.68(4)
*Beq = ( 8  p2  / 3 ) S;5y(/,ya/*ay*a/ ay
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Fig. 2.24. 300 MHz 2D COLOC spectrum of atranorin.
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Introduction
The genus Eutham ia, commonly known as flat-topped Goldenrod, is a 
herbaceous, viscid, perennial wildflower native to North America (Smith, 1932). This 
genus was previously classified as a subgenus of Solidago; however, it is currently 
recognized as a separate genus within the tribe Asterae in the Asteraceae family (Sieren, 
1981). Both Euthamia spp. and Solidago spp. have been used by Native Americans as 
folk medicine for anti-bacterial agents and for the treatment of various ailments 
(Densmore, 1928; Lu, 1994; Smith, 1933). The only species of Euthamia which has 
been chemically investigated is E. graminifolia Salisb. (=Solidago graminifolia Salisb.) 
which was studied for the polyacetylene content of the roots (Lam et al., 1992). About 
30 species of Solidago have been investigated for their chemical constituents. The major 
constituents are diterpenes, polyacetylenes, hydroxybenzoates, and flavonoids.
Ethnobotany of Eutham ia. The Native Americans of North America gained 
their knowledge of pharmacognosy from experiments, dreams, and observing the use of 
plants by animals. In medical studies of plants used by Native Americans, sixty-five per­
cent of the remedies were found to be potent (these are actually included in our 
pharmacopoeas) while the other thirty-five per cent were of no medicinal value (Hare et 
al., 1916). Some of the tribes for which there is documentation of the nomenclature and 
use of Euthamia are the Chippewa of Canada (Densmore, 1928), the Ojibwe (Smith, 
1932) and the Forest Potawatomi (Smith, 1933) of Wisconsin.
The society of doctors in Chippewa high society was called the Midewiwin. They 
believed that every tree, bush and plant had a use. A key factor determining the use of 
plants by the Chippewa was the selection of plants by bears. Siyaka, a Sioux medicine 
man said "..he (the bear) pays attention to herbs which no other animal notices at all. The 
bear digs these for his own use. We consider the bear as chief of all animals in regard to 
herb medicine." The medicine men would often mix many different herbs in one remedy 
- sometimes up to 20 plant species would be combined. The root was the most often
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employed plant part used for medicinal purposes by the Chippewa. According to some of 
the surviving members of the Midewiwin, Euthamia graminifolia roots were boiled in 
water and used for pain in the chest (Densmore, 1928).
The Chippewa used names for the plants based on the appearance of the plant, the 
place of growth, and a characteristic property of the plant. A shortcoming of this system 
is that many species had the same name and one plant could have several names. 
Additionally, individuals had their own names for plants as the medicine man prescribed 
different plants for them by merely showing a plant without giving it a name. The 
Chippewa called the goldenrod plant "Anibicens".
The Forest Potawatomi (whose name means "keepers of the fire) were also avid 
practioners in the use of their local plants to cure diseases. They believed that one of the 
main causes of disease was the failure to give a feast after a favorable hunting excursion. 
The medicine men knew the proper season to gather the plants and when the medicinal 
principles in the plant were most active. The Forest Potawatomi used roots, leaves and 
flowers for the treatment of diseases. They would often mix up to fifteen kinds of plants 
to prepare a remedy. They had a more universal system of nomenclature than the 
Chippewa; Euthamia graminifolia was known as "wesawa'nakuk" (yellow top) by the 
Forest Potawatomi. The flowers of this species were used in infusions to cure some 
kinds of fevers. The leaves and oil were employed for their carminative, stimulant, 
diuretic, diaphoretic, and astringent properties (Smith, 1933).
The Flambeau Ojibwe are another group of Indians who lived close to the 
Potawatomi. The Ojibwe used plants from members of the Asteraceae family more than 
any other family; according to the Ojibwe, every plant was a medicine. The medicine 
men gave a name for plants which included information about what the plant looks like, 
where it may be found, its taste or its chief use. The medicine men also knew when to 
collect plants because at certain times of the year the medicinal qualities are inert, 
undeveloped or dispersed by being too old. The medicine men and women would feel
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the pulse rate, look at the pupils of the eyes, inspect the condition of the tongue, observe 
the complexion variation, feel the body temperature and inquire where the pain is felt. 
Then they would drink a dream-inducing medicine and while sleeping, they were directed 
to the proper medicine to use. External afflictions were treated with lotions and poultices, 
while internal troubles were treated with a medicinal tea. The ingredients were steeped in 
luke-warm water then taken several times a day. Most of the remedies contained 
mixtures of nine to twelve ground herbs which were tied in little bits of cloth ready for 
steeping in tea. Plants were also employed as hunting charms which would help hunters 
get their game. The hunter would trace the outline of the desired game on the ground 
with a line Ieeding to its heart. The proper medicine would then be placed on the heart.
The Flambeau Ojibwe called Euthamia "wasa'waskwune'k" which means yellow 
light. They used the leaves and flowers of Euthamia for their carminative and anti- 
spasmodic properties and as an intestinal astringent. The flowers were also used in 
hunting medicine by smoking them to simulate the odor of a deer’s hoof.
Taxonom y of Eutham ia. The first European description of a Euthamia  
species was by Linnaeus in 1753 of a specimen of Euthamia graminifolia from Canada 
(Linnaeus, 1753). Noting the similarities between this specimen and a species of the 
genus Chrysocoma, Linnaeus named the specimen Chrysocoma graminifolia. In 1767, 
he named a different specimen of the same species Solidago lanceolata (Linnaeus, 1767). 
In 1803, Michaux recognized both specimens as Solidago lanceolata. In addition, he 
recognized two varieties: a major from Canada and b minor with a habitat in South 
Carolina (Michaux, 1803). Frederick Pursh noted the difference between these two 
varieties and in 1814 he elevated b minor to the species Solidago tenuifolia (Pursh, 
1814).
The name of Euthamia was first proposed by Nuttal in 1818 in his Genera o f 
North American Plants as a subgenus reciprocally allied to Solidago and Chiysocoma. 
The name Euthamia is derived from the Greek (eu- well and thamees - crowded) because
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of the crowding of the flowers. Nuttal took up the earlier specific epithet of graminiifolia 
and relegated S. lanceolata to synonomy under S. graminiifolia . In 1841 Nuttal used the 
name Euthamia in the generic sense by assigning S.graminiifolia and S.tenuifolia to E. 
graminifolia and E. tenuifolia, respectively. In addition, he named a new and distinct 
species from western North America, E. occidentalis. The next year Torrey and Gray 
transferred E. graminiifolia, E. tenuifolia, and E. occidentalis back to Solidago and 
added E. leptocephala.
The genus was not carefully examined until E. L. Greene reinstated the genus in 
1894 and added 16 new species. In 1902 Greene published "A Study of Euthamia ". 
Femald transferred all of the species back to Solidago in 1908.
In 1933, R.C. Friesner made a study of the northeastern American Solidagos. 
He maintained 13 of the previously described species and one variety and added a new 
species and 3 new binomial combinations. In 1943, Stuart K. Harris added 4 new 
names. In 1981 Sieren reorganized all of the previously described species into 8  species 
(Sieren, 1981) The most recent classification of the genus can be found in A. 
Svnonvmized Checklist for Vascular Flora of U.S.. Canada.and Greenland (Kartez, 
1994). The species, varieties and all of their synonyms as listed in Kartez are given 
below:
Euthamia Nutt, ex Cass.
graminifolia (L.) Nutt.
var. gramiinifolia
SY =Euthamia graminifolia var. major (Michx.) Moldenke 
SY =Solidago graminifolia (L.) Salisb.
SY =Solidago graminifolia var. major (Michx.) Fem. 
var. hirtipes (Fem) C.&J. Taylor
SY = Euthamia hirtipes (Fem.) Sieren (pro hyb.)
SY = Solidago x hirtipes Fem.
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var. nuttallii (Greene) W. Stone
SY = Euthamia floribimda Greene
SY = Euthamia nuttallii Greene
SY =Solidago graminifolia var. nuttallii (Greene) Fem.
SY =Solidago graminifolia var. polycephalaiftm.) Fem.
SY =Solidago hirtella (Greene) Bush 
SY =Solidago nuttallii (Greene) Bush 
SY =Solidago polycephala Fem. 
gymnospermoides Greene
SY = Euthamia camporum Greene 
SY = Euthamia chrysothamnoides Greene 
SY = Euthamia glutinosa rydb.
SY = Euthamia media Greene
SY = Euthamia pulverulenta Greene
SY = Solidago camporum (Greene) A. Nels.
SY = Solidago chrysothamnoides (Greene) Bush 
SY =Solidago graminifolia var. gymnospermoides (Greene) Croat 
SY =Solidago graminifolia (L.) Salisb. var. media (Greene) S.K. 
Harris
SY =Solidago gymnospermoides (Greene) Fem.
SY =Solidago gymnospermoides var .callosa S.K. harris 
SY =Solidago media (Greene) Bush 
S Y =SoIidago moseleyi Fem.
SY =Solidago perglabra Friesner 
SY =Solidago texensis Friesner 
leptocephala (Torr. & Gray) Greene
SY =Solidago leptocephala Torr. & Gray
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occidentalis Nutt.
SY = Euthamia califomica Gandog.
SY = Euthamia linearifollia Gandog.
SY =Solidago occidentalis (Nutt.) Torr. & Gray 
tennuifolia (Pursh) Nutt.
var. pycnocephala (Fem.) C. & J. Taylor 
SY = Euthamia galetorum Greene
SY = Euthamia graminifolia (L.) Nutt. var. galetorum (Greene) 
Friesner
SY = Solidago galetorum (Greene) Friesner 
SY = Solidago graminifolia (L.) Salisb. var .galetorum (Greene) 
House
SY = Solidago tenuifolia Pursh var.pycnocephala Fern, 
var. tenuifolia
SY = Euthamia microcephala Greene 
SY = Euthamia microphylla Greene 
SY = Euthamia minor (Michx.) Greene 
SY = Euthamia remota Greene 
SY = Solidago caroliniana B.S.P.
SY = Solidago microcephala (Greene) Bush 
SY = Solidago microphylla (Greene) Bush 
SY = Solidago minor (Michx.) Fem.
SY = Solidago remota (Greene) Friesner 
SY = Solidago tenuifolia Pursh
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Results and  Discussion
V olatiles from  E. leptocephela  and  E. ten u ifo lia . The volatile 
monoterpenes (Fig.3.2) and sesquiterpenes (Fig. 3.1) in the roots, stems and leaves of E. 
leptocephela and E. tenuifolia detected by GC/MS are tabulated in table 3.1. The terpenes 
were identified by matches of 95% or greater compared to mass spectra in the Wiley Data 
Base on the Hewlet Packard ChemStation software. O f interest is the greater 
concentration of monoterpenes in the flowers and leaves compared to the roots of both 
species. The roots, however, are richer in the sesquiterpenes. This might be due to a 
possible biological role of the monoterpenes acting as attractants or repellents of 
herbivores. Likewise, the sesquiterpenes in the roots may be synthesized to protect the 
plants from soil-borne pathogens. The data presented in table 3.1 also demonstrate that 
there is a striking difference between the volatile compositions of the two species of 
Euthamia analyzed. Other terpenes were detected; however, they were not identified as 
their match quality was below 95%. Attempts were made to isolate pure sesquiterpenes 
from the extracts, however, their similarities in polarities and minute content prevented 
further purification. Few studies have been done on the essential oil composition of other 
Solidago species. The inflorescence and leaves of Solidago canadensis contain 33% 
monoterpene hydrocarbons, 34% cadinenes, 10% sesquiterpene hydrocarbons and 10% 
unidentified compounds (Kalemba et al., 1990).
Curcuphenol. The roots of both E. leptocephela and E. tenuifolia provided the 
known compound (+)-curcuphenol (Fig. 3.3) after VLC and separation by prep-TLC. 
The compound (+)-curcuphenoI was originally isolated from the sponge Didiscus flavus 
(Wright e t a i ,  1987). The and 13C NMR values established by DEPT, HETCOR, 
COSY and LRCOSY (Figs. 3.6 - 3.10) experiments and were identical with published 
values (Fusetani et al., 1987; Wright et al., 1987). The biological activities of (+)- 
curcuphenol will be discussed in Chapter 4.
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Table 3.1. Volatile terpenoid compounds in Euthamia leptocephala and E. tenuifolia 
detected by GC/MS.
Compound Etet.time E.leptocephala E .ten u ifo lia  
m in.) R.1 L.2 F.3 R. L. F.
M onoterpenes
y-terpinene 7.172 X
sabinene 6.096 X X X
fj-thujene 6.871 X
a-thujene 6.889 X
(3-phellandrene 7.416 X X
myrtenol 9.64$ X
1-B-pinene 6.147 X X X
limonene 6.859 X X
B-myrcene 6.396 X X
endobomyl acetate 9.097 X X
Sesquiterpenes
5-elemene 9.587 X
(-)-P-elemene 9.506 X X
selin-4,7 (ll)-diene 9.909 X
(-)-a-selinene 10.287 X
B-selinene 10.407 X X X
B-eudesmol 11.738 X
8 -cadinene 10.393 X X X
a-cubebene 10.174 X
B-cubebene 10.584 X X
spathulenol 10.683 X X
alloaromadendrene 10.245 X
a-humulene 9.757 X
fra/w-caryophyllene 10.168 X X
1. Roots; 2. Leaves; 3. Flowers.
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Fig. 3.1. Sesquiterpenes detected in E. leptocephala and E. tenuifolia.
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y-terpinene







1 R = H
2 R = OH





O H  o
demethoxysudachitin
Fig. 3.2. Monoterpenes, diterpenes 1, 2, and 3, curcuphenol, and demethoxysudachitin 
detected in E. leptocephela and E. tenuifolia.
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Diterpenes. Compound 1, (Fig. 3.2) limonidilactone, is a known compound 
which was originally isolated from the leaves of Vitex limonifolia (Aphaijitt et al., 1995). 
The *H and 13C NMR chemical shifts as well as the X-ray data have previously been 
described by Aphaijitt (1995). Compound 1 was initially detected on TLC as a violet 
spot by the use of Kedde reagent. Compound 1 crystallized from a hexane/EtOAc 
mixture as colorless prisms. The combination of a FAB-mass spectrum ([M+l] m/z 
331.5) and 20 signals in the l3C NMR spectrum suggested a molecular formula of 
C2 0 H2 6 O4  which was confirmed by HR-mass spectrometry ([M +l]+ m/z 331.190, 
calc, value for C20H26O4  = 331.218). A proposed mass spectral fragmentation pattern is 
given in fig. 3.3.
0
+
0  • +
+
m = 206
m/z = 124 m/z = 109
Fig. 3.3. Possible fragmentation of limonidilactone.
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The IR spectrum of 1 contained absorption bands at 1780 c n r1, 1751 cm*1 and 
1719 cm*1 1641 cm*1 suggesting the presence of two carbonyl groups and two olefinic 
bonds, respectively. The DEPT spectra indicated the presence of three methyls, six 
methylenes (lx  -O-CH2 -, 5x -CH2 -), five methines (2x C=CH, IxOCH, 2x-CH) and 6  
quaternary signals.
The *H NMR spectrum of 1 exhibited a one-proton triplet at 3h 6.08 and a two- 
proton doublet at 3h 4.9 in a pattern similar to that found for the y-Iactone moiety in 
solidagolactone (Snider, 1994). A HMQC experiment was used to determine the 
resonances of C-14 (3c 166.4) and C-16 (3c 70.8). A long-range coupling of H-14 and 
H-16 to a doublet at 3h 5.23 (H-12) was observed in the LRCOSY. HMQC was used 
for the assignment of C12 (3c 75.0) and its bonding to H-12. Crosspeaks in the HMBC 
revealed couplings of H-12 to C-14, C-16, C-l 1 and one of the quaternary carbons (3c 
166.8) C-13 thus establishing the connectivity of the lactone moiety.
Compound 2, the 6 -P-hydroxy derivative of limonidilactone, has not been 
previously described. It has the molecular formula C2 0 H2 6 O5 deduced from FABMS 
([M+l] m/z 347.4) and 13C NMR. The presence of a broad band in the IR spectrum at 
3477 cm" 1 suggested the presence of an alcohol; there were also the same absorption 
bands at 1780 cm '1, 1751 cm" 1 and 1719 cm" 1 1641 cm" 1 in the IR spectrum observed in 
compound 1. The iH NMR spectrum of 2 differed from 1 in the presence of a multiplet 
at 4.7 ppm and the absence of signals at 2.2 and 2.4 attributed to the allylic H-6 . Its 
connectivity to the carbon absorbing at 65.4 ppm confirmed by HETCOR suggested that 
this proton was connected to an oxygen bearing carbon. The attachment of the hydroxyl 
group at C- 6  was evident from the COSY in which couplings were observed between the 
proton resonating at 4.7 ppm and H-5 and H-7. In comparison to the spectrum of 1, H-5 
was a doublet instead of a doublet of a doublet indicating that there were no longer 2  
vicinal hydrogens at C- 6  in 2. Additionally, the signal from H-7 was split into a doublet 
of a doublet in 2 instead of a doublet of a doublet of a doublet as found in the !H NMR
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spectrum of 1. The absence of a large coupling (J=8 Hz) of the H-6 signal indicates that 
the hydroxyl group was (3 oriented. The chemical shifts of the methyl groups at C-18, C- 
19 and C-20 were also shifted downfield by 0.41, 0.20, and 0.27 ppm, respectively in 
the *H NMR spectrum of 2 when compared to 1, which provides further evidence for the 
P orientation of the hydroxyl group. The structure of 2 was confirmed by X-ray 
crystallography (Fig. 3.20). Acetylation of 2 with pyridine and (CH3C0)20 provided 
the acetate whose spectra were identical to the natural acetate 3.
Compound 3, the 6-P acetoxy derivative of liminodilactone (C22H2 8O6 ) has not 
been previoulsy reported in the literature. Evidence of the acetate was given in the 
NMR spectrum by the presence of a methyl singlet at 2.08 ppm and the shift of the 
resonance of H-6 which was shifted downfield to 6.09 ppm from 4.71 ppm in 2 due to 
the presence of the acetate on C-6. The mass spectrum also gave evidence of an acetate 
by a peak at m/z 328 which must be formed from the parent ion (M+, m/z=388) by a 
McLafferty rearrangement with the loss of acetic acid. X-ray crystallography confirmed 
the molecular structure of the acetate. Additionally the spectroscopic data of the acetate 
produced from compound 2 were identical to the natural acetate. All three diterpenes 
were used in bioassays with Mycobacteria which will be discussed in Chapter 4. The 
diterpenes were also tested in bioassays against Spodoptera Iitura but showed no 
significant inhibition at 100 ppm.
Demethoxysudachitin. The known flavone, demethoxysudachitin (Fig. 3.2), 
was isolated as yellow crystals from the flowers of E. leptocephala and E. tenuifolia. It 
was previously isolated from Hymonoxys scaposa leaves (Thomas and Mabry, 1968) 
and from the green fruit of the citrus Citrus sudachi (Horie et al., 1961). Its structure 
was deduced from lH and 13C NMR and MS. Inspection of JH NMR indicated the 
presence of 2 methoxy groups at 3 3.75 and 3.85 as well as a hydrogen-bonded hydroxyl 
group at 9 12.81. The presence of two two-proton doublets at 3 7.88 (J= 8.6 Hz) and 
6.94 (J= 8.6 Hz) indicated that ring B is monosubstituted at the 4' position with a
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hydroxyl group. This was also confirmed by its mass spectral fragmentation pattern. A 
retro-Diels Alder fragmentation of the flavone was suggested by peaks at m/z 121 and m/z 
215. The *H NMR data were in agreement with published values (Mabry et al., 1970); 
however, the 13C NMR data have not been previously published. Assignment of the 13C 
chemical shifts was accomplished by comparison to similar flavones (Wenkert and 
Gottlieb, 1977) and by a HMBC 2D NMR experiment used to detect long range C-H 
couplings (fig. 3.4). The chemical shifts are give in table 3.6. The strongly deshielded 
hydroxyl proton at C-5, hydrogen-bonded to the C-4 carbonyl oxygen, was exploited to 
determine the chemical shifts of C-3, C-4a, and C- 6  for which 3J  couplings could be 






Figure 3.4. Long range couplings observed in the HMBC spectrum of 
demethoxysudachitin.
Polyacetylenes and  triterpenes. The roots of both E. leptocephela and E. 
tenuifolia both contained the known polyacetylenes cis- and r/vms-dehydromatricaria 
esters (Fig. 3.5). These compounds were identified on the basis of *H NMR, 13C NMR, 
and MS data. c/s-Dehydromatricaria ester is a very common polyacetylene found in 
members of the Asteraceae family (Christensen and Lam, 1991), and in particular in 
many species of the genus Solidago (Lam et al., 1992). The !H NMR of the cis- 
dehydromatricaria ester were in agreement with published values (Bohlmann et al., 1965; 
Kobayashi et al., 1980) and the X-ray structure has been previously described (Lu et al.,
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1993). nmy-Dehydromatricaria ester is also a know compound and its spectroscopic data 
were in agreement with published values as well (Bohlmann et al., 1973) The trans 
isomer, however, is not very common in Solidago species. Lam (1992), reported the 
occurrence of rrans-dehydromatricaria ester in the roots of Solidago graminifolia Salisb. 
but this species is actually Euthamia graminifolia (L.) Nutt. var. graminifolia; therefore, 
the occurrence of this polyacetylene in Euthamia spp. may be of chemotaxonomic 
significance. The biological activities of these compounds will be discussed in Chapter 4.










Fig. 3.5. Polyacetylenes and triterpenes isolated from E. leptocephela and 
E. tenuifolia.
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The triterpenes epifriedelinol and friedelin were also isolated from the roots of 
both species of Euthamia. Single crystal X-ray analyses as well as *H and 13C NMR 
were used to verify the structures of the molecules. The molecular structure of 
epifriedelinol has been previously described (Menelaou et a l., 1992). Both of these 
triterpenes are common constituents of Solidago species (Lu, 1994; Menelaou, 1990). 
The triterpenes a -  and p-amyrin were also obtained from the roots of both species of 
Eutham ia  and identified by MS. These are common constituents of many plants 
(Windholz, 1983).
Experimental
General. Melting points wre measured on a Thomas Hoover apparatus and 
were uncorrected. !H and *3C NMR: CDCI3 , Brucker AM 400 300 ARX or Brucker AC 
200 spectrometer; IR: film on KBr plates; MS: Hewlett Packard 5971A GC-Mass 
Spectrometer; CC: Cellulose powder D-516 (Machery Nagel); Vacuum Liquid 
Chromatography (VLC): silica gel (MN Kieselgel G); prep. TLC: pre-coated MN Sil-G 
25, UV254 plates (thickness 0.25 mm); Medium Pressure Liquid Chromatography 
(MPLC): 15-35(1 C18 reversed-phase silica 15-35|i, pore size 90 A. Kedde reagent: 
O.lg 3,5 dinitrobenzoic acid in 10 ml MeOH, then 2M KOH.
Plant Material. Eutham ia lep tocephela  (Torr. and Gray) and E utham ia  
tenuifolia (Pursh) Nutt, were collected in September of 1994 in Winn Parish, Louisiana, 
U.S.A. (voucher Nos. R-24 and R-25, respectively); vouchers deposited at the Louisiana 
State University Herbarium) identified by Dr. Lowell E. Urbatsch, Department of Plant 
Biology, LSU.
Extraction. E. leptocephela: roots (210 g dry wt.), leaves (500 g dry wt.) and 
flowers (1kg dry wt.) were soaked separately at room temperature in CH2 CI2  for 24 
hours yielding 1.4 g, 30g and 6 8  g of crude extracts, respectively. E. tenuifolia: (200 g 
dry wt.), leaves (400 g) and flowers (800 g) were soaked separately at room temperature 
in CH2 CI2  for 24 hours yielding 1.5 g, 25 g and 50 g of crude extracts respectively.
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Identification of volatile compounds. The crude extracts of the roots, 
leaves and flowers of E. leptocephela and E. tenuifolia were all separated by VLC with 
hexane- EtOAc mixtures, by increasing polarity. The non-polar fractions were analyzed 
by GC/MS. The chromatoagrams were obtained with a Hewlett-Packard 5792 GC using 
a DB-5 column (30m length x 0.25mm i.d. x 0.25 pm film thickness). The GC runs 
were obtained by a temperature program with an intial temperature of 40°C for 3 min. to 
280° C at 2°C/minute. Compounds were identified by >95% matches compared to the 
Wiley Data Base installed on the Hewlett-Packard ChemStation software.
Isolation of diterpenes 1, 2, and 3 and demethoxysudachitin. The 
crude flower extract of E. leptocephela (6 8 g) was chromatographed by CC (Cellulose 
lOOg) which was eluted with hexane and EtOAc in increasing polarity to yield 10 
fractions of 200 ml each which were combined on the basis of TLC and ^H NMR 
monitoring. Fractions 7 and 8  were combined (9.6 g) and chromatographed by VLC 
with hexane and EtOAc yielding 10 fractions of 100 ml each with fraction 5 affording 
300 mg of crystalline 1. Further separation of fraction 6  (5 g) by VLC with hexane and 
acetone afforded 30 x 25 ml fractions. Compounds 2 and 3 and the flavone, 
demethoxysudachitin, co-crystallized from fractions 19-21. The crystals (130 mg) were 
separated via RP MPLC with a solvent gradient ranging from 30% to 100% MeOH in 
H2 O. Compound 2 was obtained in pure crystalline form in fraction 10 and compound 3 
formed clear prism-like crystals that together with demethoxysudachitin in fractions 15- 
17, which formed yellow needle-like crystals. These were separated by hand yielding 10 
mg of demethoxysudachitin and 20 mg of the diterpene 3. The compounds 1 and 2 and 
3 were also detected in E. tenuifolia, however the major compound in E.tenuifolia was 
compound 2 whereas the major compound in E. leptocephela was compound 1.
Acetylation. Compound 2 (20 mg) was added to 1 ml of pyridine and 20 mg 
of acetic anhydride and left overnight. The pyridine was evaporated on the rotary
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evaporator. TLC and JH NMR analysis were used to verify that the reaction had gone to 
completion.
Unidentified diterpenes and flavonoids from the flowers of E .  
leptocephela. At least three carboxylic acid derivatives of the diterpene 1 were 
identified by TLC by a streaking pattern on the TLC plate, MS and NMR. Despite a 
reaction with diazomethane, it was not possible to separate these compounds. The 
diazomethane reaction was performed according to a published procedure (Black, 1983) 
with 200 mg of the mixture of diterpene carboxylic acid derivatives. Two other 
flavonoids were also detected by TLC and *H NMR in the dichloromethane extract of the 
flowers of E. leptocephela; however, despite numerous attempts at separation via VLC, 
MPLC, and Prep-TLC these compounds could not be separated.
Separation of the polyacetylenes and triterpenes from the roots of 
E. leptocephela. The polacetylenes cis-and rran^-dehydromatricaria esters and the 
triterpenes epifriedelinol, friedelin, and a-and |3-amyrin were all separated by VLC using 
hexane-EtOAc and prep-TLC (Hexane-Ether 1:1). All compounds except the trans- 
dehydromatricaria ester formed crystals after separation.
Unidentified diterpenes from the leaves of E. leptocephela. Attempts 
were made to separate a mixture of at least 4 diterpenes from the dichloromethane extract 
of the leaves of E. leptocephela. VLC, MPLC and HPLC were all employed at no avail 
to separate this mixture.
K B r
Lim onidilactone (1) White crystals (EtOAc), mp 218-220°. IR vma* cm '1: 
2916, 1780 (y-lactone), 1751 (8-lactone), 1719, 1641, 1245. EIMS 70 eV m/z (rel. 
int.): 330 [M] + (1.5), 315 [M - Me]+ (1.5). 207 (24), 124 (71), 109 (100). HRMS 
m/z 331.1902 [M + H]+, (C2 0 H2 6 O4  + H) requires 331.4349.
6P-H ydroxylim onidiIactone (2) White crystals (EtOAc), mp 213°-215“,
K B r
IR Vma* cm*1: 3473 (OH, br), 2930, 1783 (y-lactone), 1748, (8-lactone) 1716, 1650,
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1250. EIMS 70 eV m/z (rel. int.): 346 [M] + (8), 236 (6), 207 (13), 124 (23), 109 
(100). HRMS m/z 347.1852 [M++ H], (C2 0 H2 6 O5  + H) requires 347.4344.
K B r
6P~Acetoxy lim onidilactone (3) Needles (EtOAc), mp 190-192°. IR vm  
cm*1: 2914, 2367, 1800, 1750, 1732, 1670, 1241. EIMS 70 eVm/z (rel. int.): 388 
[M]+ (8), 346 [M- MeCO] + (29), 328 [M- HOAc] + (8), 302 (18), 236 (15), 193 
(11), 149 (16), 124 (24), 109 (100). HRMS m/z 389.1924 (C2 2 H2 8 O 6  + H) requires 
388.4609.
Dem ethoxysudachitin. The flavone demethoxysudachitin (C 1 7H 1 4O7 ) was 
isolated as yellow crystals (m.p. 171-173° C) from the flowers of E. leptocephala. The 
molecular wt. was determined by FABMS to be 330. Particle beam MS gave prominent 
peaks at 315 (M- CH3 ), 300 (M- 2 CH3 ), 287 (M-CH3 CO), 267 (M-2 CH3 O and H), 
250 (M- 2 CH3 O and H2 O), UV L max in MeOH 335nm and 281nm.
X-ray data  for Limonidilactone. Recrystalization of limonidilactone in 
ethyl acetate afforded colorless crystals, m.p. 220°C. A colorless plate of dimensions 
0.5x0.5 x 0.3mm was used for data collection on an Enraf-Nonius CAD4 diffractometer 
equipped with MoKa radiation (1=1.54184 A), and a graphite monochromator. Crystal
data are: C 20H2 6O4 , Mr=330, orthorhombic space group P 2 j2 1 2 1 , a=8.2131(3), 
b= 10.8804(3) c=19.3631(9) A, V=1730(7) A3, Z=4, dc=1.268 g cm*3, T=24“C. 
Intensity data were measured by co-20 scans of variable rate, 0.66-3.30° min-1. designed 
to yield I=25g(I) for all significant reflections. Two octants of data were collected within 
the limits 1<0<27.5°. Data reduction included corrections for background, Lorentz, 
polarization, and absorption effects. Absorption corrections (|i=0.813 cm-1) were based 
on a series of \|/ scans, with minimum relative transmission coefficient 92.1%. Of 2279 
unique data, 1873 had I>3c(I) and were used in the refinement.
The structure was solved by direct methods using RANT AN (Yao, 1981) and 
refined by full-matrix least squares, treating nonhydrogen atoms anisotropically, using 
the Enraf-Nonius MolEN programs (Fair, 1990). Hydrogen atoms were located using
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difference maps and refined isotropically, except for those of the methyl groups, which 
were placed in calculated positions. Convergence was achieved with R=0.036, 
Rw=0.043, and GOF=3.18. The crystal structure is illustrated in Fig.3.15 and its 
coordinates are tabulated in Table 3.4.
X-ray data for (3-hydroxylim onidilactone. Recrystallization of (3- 
hydroxy-limonidilactone in ethyl acetate afforded colorless crystals, m.p. 213-215°C. A 
colorless plate of dimensions 0.5x0.32 x 0.22 mm was used for data collection on an 
Enraf-Nonius CAD4 diffractometer equipped with CuK« radiation (1=1.54184 A), and a
graphite monochromator. Crystal data are: C 20H26O5 , Mr=346.4 orthorhombic space 
group P2i, a=8.0258(6), b=9.1638(9) c=12.2357(9) A, V=880.0(3) A3, Z=2, dc=1.307 
g cm-3, T=24°C. Intensity data were measured by co-20 scans of variable rate, 0.66- 
3.30° min-1. designed to yield I=25a(I) for all significant reflections. Two octants of 
data were collected within the limits 2<0<75°. Data reduction included corrections for 
background, Lorentz, polarization, and absorption effects. Absorption corrections 
(|i=7.2 cm '1) were based on a series of \|/ scans, with minimum relative transmission 
coefficient 93.81%. Of 3614 unique data, 3572 had I>1g(I) and were used in the 
refinement.
The structure was solved by direct methods using RANTAN (Yao, 1981) and 
refined by full-matrix least squares, treating nonhydrogen atoms anisotropically, using 
the Enraf-Nonius MolEN programs (Fair, 1990). Hydrogen atoms were located using 
difference maps and refined isotropically, except for those of the methyl groups, which 
were placed in calculated positions. Convergence was achieved with R=0.036, 
R w=0.04667, and GOF=2.677. The absolute configuration was determined by 
refinement of the mirror image structure under identical circumstances, yielding 
R=0.03544, Rw=0.04639, and GOF=2.661. The crystal structure is illustrated in Fig. 
3.20 and its coordinates are tabulated in Table 3.5.
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Table 3 .2 .13C NMR spectral data of compounds 
1,2 and 3 (75 MHz, CDCI3 ).
Carbon Compound
1 2 3
C-l 38.88 41.03 40.68
C-2 18.64 18.78 18.70
C-3 41.96 44.54 44.75
C-4 33.02 34.35 35.20
C-5 49.12 54.35 53.15
C- 6 25.50 65.36 66.04
C -l 145.40 143.63 139.19
C- 8 124.92 125.42 127.51
C-9 48.94 50.06 50.00
C-10 35.00 34.92 33.98
C -ll 28.34 28.32 28.28
C-12 75.04 75.06 75.02
C-13 166.81 166.38 166.14
C-14 116.38 116.64 116.74
C-15 172.72 172.75 172.51
C-16 70.83 70.83 70.74
C-17 164.05 163.85 163.23
C-18 21.59 32.60 32.53
C-19 33.02 15.97 15.52
C-20 13.61 25.08 24.53
OAc 169.94
21.55
Table 3.3. NMR spectral data of compounds 
1,2 and 3 (300 MHz, CDCI3 ).
Proton Compound
1 2 3
H-5 1.33 dd 1.23 dd 1.43 dd
H- 6 2 .2 0  m 4.71 m 6.09 m
H-7 7.42 m 7.30 m 7.18 m
H-9 2.33 m 2.27 d 2.30 d
H - l la 1.53 m 1 .6 6  m 1 .6 8  m
H -llp 2.05 d 2 .1 1  m 2.08 m
H-12 5.22 d 5.25 d 5.27 d
H-14 6.08 t 6 .1 1  t 6.09 t
H-16 4.95 d 4.97 d 4.95 d
CH3 - I 8 0.93 s 1.34 s 0.98 s
CH3-19 0.91 s 1 .1 1  s 1 .0 2  s
CH3-20 0.78 s 1.06 s 0.78 s
OAc 2.08 s
J (Hz): compound 1: 16 = 3; compound 2: 5 = 5, 12 = 12, 14 = 3,1, 16 = 2; compound 
3: 5 = 5 ,12  = 12,14 = 2,1.5.
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Table 3.4. Fractional atomic coordinates and equivalent isotropic thermal parameters 
(A2) of limonidilactone.
Atom X y z Beq*
Ol 0.5170(3) 0.9655(2) 0.24478(9) 7.10(4)
02 0.6664(2) 0.8064(2) 0.21127(7) 5.62(4)
03 0.0018(2) 0.6214(2) 0.03468(8) 5.24(3)
0 4 0.2308(2) 0.6428(1) 0.09078(7) 4.65(3)
C l 0.6562(2) 0.3897(2) -0.0556(1) 4.03(4)
C2 0.7302(2) 0.3173(2) -0.1143(1) 4.66(5)
C3 0.6242(3) 0.2093(2) -0.1345(1) 4.47(4)
C4 0.4501(3) 0.2454(2) -0.15521(9) 3.92(4)
C5 0.3775(2) 0.3271(2) -0.09681(9) 3.36(4)
C 6 0.2030(3) 0.3694(2) -0 . 1 1 1 2 (1) 4.80(5)
C l 0.1383(2) 0.4578(2) -0.0602(1) 4.19(4)
C 8 0.2261(2) 0.5063(2) -0.00992(9) 3.34(4)
C9 0.4048(2) 0.4767(2) -0.00135(8) 3.10(3)
CIO 0.4833(2) 0.4359(2) -0.07011(9) 3.06(3)
C l l 0.4875(2) 0.5828(2) 0.03607(9) 3.58(4)
C12 0.3979(2) 0.6063(2) 0.1035(1) 3.65(4)
C13 0.4729(2) 0.7058(2) 0.14593(9) 3.70(4)
C14 0.4066(3) 0.8063(2) 0.1706(1) 4.80(5)
C15 0.5270(3) 0.8718(2) 0.2124(1) 4.76(5)
C16 0.6478(3) 0.6976(2) 0.1694(1) 5.26(5)
C l l 0.1431(3) 0.5923(2) 0.0386(1) 3.97(4)
C18 0.3510(3) 0.1272(2) -0.1607(1) 5.54(5)
C19 0.4520(3) 0.3061(2) -0.2268(1) 5.11(5)
C20 0.4891(3) 0.5454(2) -0 . 1 2 0 2 (1) 4.38(4)
*Beq = ( 8 p2 / 3 ) S;Sy(/,ya/*ay*a/ ay
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Table 3.5. Fractional atomic coordinates and equivalent isotropic thermal parameters 
(A2) of (3-hydroxy-limonidilactone.
Atom X y z Beq*
Ol -0.1060(2) 0 -0.8279(9) 5.42(3)
02 -0.1892(1) -0.1457(2) 0.04152(8) 4.88(2)
03 0.6261(1) -0.1275(2) 0.33278(9) 5.32(2)
04 0.3553(1) -0.1576(1) 0.26154(7) 4.25(2)
05 0.6220(2) -0.2267(2) 0.7176(1) 5.77(2)
C l 0.0779(2) -0.2267(2) 0.6113(1) 4.46(3)
C2 0.0514(2) -0.2242(3) 0.7308(1) 5.27(4)
C3 0.1979(2) -0.3009(2) 0.8075(1) 4.49(3)
C4 0.3713(1) -0.2300(2) 0.8083(1) 3.24(2)
C5 0.3957(1) -0 .2 2 2 2 ( 1 ) 0.68454(9) 2.71(2)
C6 0.5707(1) -0.1677(2) 0.6704(1) 3.84(2)
C l 0.5826(1) -0.1558(2) 0.5506(1) 4.12(3)
C8 0.4520(1) -0.1719(1) 0.4646(1) 3.21(2)
C9 0.2747(1) -0.2054(1) 0.48048(9) 2.75(2)
CIO 0.2460(1) -0.1562(1) 0.59631(9) 2.92(2)
C ll 0.1453(1) -0.1467(2) 0.38013(9) 3.19(2)
C12 0.1890(2) -0.25055(2) 0.2738(1) 3.36(2)
C13 0.0656(2) -0.1585(2) 0.17145(9) 3.29(2)
C14 0.0878(2) -0.0715(2) 0.0887(1) 3.69(2)
C15 -0.0721(2) -0.0640(2) 0.0055(1) 4.02(3)
C16 -0.1135(2) -0.2115(2) 0.1472(1) 4.34(3)
C17 0.4868(2) -0.1523(2) 0.3505(1) 3.84(2)
C18 0.5066(2) -0.3328(2) 0.8738(1) 4.30(3)
C19 0.3842(2) -0.0851(2) 0.8731(1) 4.75(3)
C20 0.2360(2) 0.0099(2) 0.6023(1) 4.61(3)
*Beq = ( 8  p2  / 3 ) S[SjUijai*aj*ai aj
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Table 3.6. 13C and *H NMR spectral data of demethoxysudachitin (400 MHz in 
DMSO).
Position 13C NMR chemical shifts !H NMR chemical shifts
2 163.41 -
3 102.33 6.61 s
4 182.08 -




8 a 151.30 -
4a 102.33 -
1 ' 121.32 -
2 ' 128.26 7.88 d
3 ' 116.08 6.94 d
4 ' 161.23 -
5 ’ 116.08 6.94 d
6 ’ 128.26 7.88 d
OCH3 -6 61.14 3.89 s
OCH3 -8 60.05 3.94 s
Coupling constants in in hertz: 2',6',5’,6' = 8.6.
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Fig. 3.9. 2D COSY spectrum of curcuphenol.
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Fig. 3.10. 2D long range COSY spectrum of curcuphenol.
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Fig. 3.13. 2D Inverse 'H -^ C  correlation spectrum of liminodilactone.
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Fig. 3.14. 2D COSY spectrum of liminodilactone.
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Fig. 3.15. 2D long range COSY spectrum of liminodilactone.
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Fig. 3.16. X-ray structure of liminodilactone.
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Fig. 3.19. 2D COSY spectrum of 6(5-hydroxyliminodilactone«
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Fig. 3.20. X-ray structure of of 6{3-hydroxyIiminodilactone.
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Fig. 3.23. 2D COSY spectrum of 6p~acetoxyIiminodilactone.
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Fig. 3.24. Inverse 2D 'H -^ C  correlation spectrum of 6p~acetoxyIiminodiIactone.
t


































































. i 11, 11
i i 11 • i




; i! • »t
* i
•









12.00 10.00 a . 00 6 .0 0  4.00
PPM
3.27. Inverse 2D *H-13C correlation spectrum of demethoxysudachitin.
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BIOLOGICAL ACTIVITIES OF PLANT EXTRACTS AND ISOLATED 
COMPOUNDS AGAINST MYCOBACTERIUM TUBERCULOSIS AND
MYCOBACTERIUM A VIUM
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Introduction
Tuberculosis (TB) is a bacterial disease caused mainly by M ycobacterium
billion) is infected with TB. The incidence of multidrug-resistant TB has been increasing 
in the USA and many other countries due to the development of multidrug resistance by 
the bacteria and the AIDS epidemic. In populations with a high percentage of TB 
infection, TB is one of the first manifestations of AIDS (Heifets, 1991). TB is 
commonly treated with an arsenal of many antibiotics and the treatment can take anywhere 
from six to twelve months. Some of the most popular drugs (MIC values in parenthesis) 
used for the treatment of TB are: rifampin (0.06-0.35 (ig/ml), isoniazid (0.025-0.05 
|ig/ml), ethambutol (0.95 -3.8 |ig/ml) and pyrazinamide (15-60 jig/ml) (Fig. 4.1).










N -C H 3
CH3
Rifampin
Fig. 4.1. Drugs used in the treatment of tuberculosis.
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Due to the long treatment periods, resistant strains of M ycobacteria  have 
developed, thus a search for new active compounds against the bacteria is necessary. An 
advisory committee of the U.S. Department of Health and Human Services has developed 
a plan for eliminating tuberculosis in the U.S. by the year 2010. This plan stresses the 
evaluation of the bactericidal activity of new potential anti-microbial agents and the search 
for new drug combinations that can produce a synergistic effect (Center for Disease 
Control, 1989). A potential source for new antibiotics against TB are medicinal plants 
which have a documented history of use by indigenous people.
In collaboration with the Hansen’s disease center at LSU, we have commenced a 
phytochemical investigation of plants from the southern US in search for active extracts 
against Mycobacterium spp. Bioassays of crude extracts from Cladonia subtenuis, 
Chrysoma pauciflosculosa, Solidago sempervirens, Euthamia leptocephela, E. tenuifolia 
and. E. minor have been performed against Mycobacteria tuberculosis and Mycobacteria 
avium. Active plant extracts were then subjected to bioassay-directed separations in order 
to identify the active principles involved.
Results and Discussion
The results of the bioassays of crude plant extracts against Mycobacterium  
tuberculosis and M. avium are given in table 4.1 and the results of the bioassays using 
isolated compounds are given in table 4.2.
The dichloromethane extract of the lichen Cladonia subtenuis was highly active 
against M. tuberculosis (100% inhibition at 33|ig/ml) and moderately active against M. 
avium (65% inhibition at 33|ig/ml). All of the fractions tested contained the compound 
usnic acid which had a MIC value of 16 (ig/ml against M. tuberculosis, however usnic 
acid did not exhibit any appreciable activity against M. avium as the MIC was >128 
(ig/ml. Early Chinese herbalists recommended Usnea longissima, a lichen containing 
high amounts of usnic acid as a tincture to treat tuberculosis lymphadenitis (Hobbs, 
1990). The mode of action of usnic acid may be by disrupting cellular metabolism by
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preventing the formation of ATP or by uncoupling of oxidative phosphorylization (Lowry 
et al., 1951). Usnic acid is active against a wide range of Gram-positive bacteria 
including Bacillus subtilis, Sarcina lutea, staphylococci, Corynebacterium diphtherieae, 
Haemophilus pertussis and Mycobacterium tuberculosis. Usnic acid was once used 
clinically in the treatment of tuberculosis and many derivatives of it have been prepared. 
Its toxicity prevents its use for treatment against TB (Shaw, 1967).
The crude dichloromethane extracts of the leaves, stems and flowers of Euthamia 
leptocephela were not active against either species of Mycobacterium , however the 
dichloromethane extract of the roots was highly active against M. avium exhibiting 94% 
inhibition at a concentration of 100 pg/ml of the crude extract and 73% inhibition against 
M. tuberculosis. A chromatagraphic separation by vacuum liquid chromatography of the 
crude extract of the roots yielded nine fractions of which fraction four was highly active 
exhibiting 100% inhibition of both M. tuberculosis and M. avium. Further separation of 
fraction four by prep. TLC yielded the compounds which were used in bioassays against 
M. tuberculosis and M. avium: (-t-)-curcuphenol, cis- and rnms-dehydromaticaria esters, 
epifriedelinol, and friedelin. The MIC of (-t-)-curcuphenol was 16 pg/ml against M. 
tuberculosis (it has not been tested against M.avium). (+)-Curcuphenol has reported 
cytoxic activities against the following tumor lines: P-388 (murine leukemia), A-549 
(lung) and MDAMB (mammary) and inhibits the growth of the fungus Candida albicans 
(Wright et al., 1987). (+)-Curcuphenol also inhibits the activity of gastric H, K-ATPase 
and inhibits gastric acid secretion in rats (Fusetani et al., 1987).
The polyacetylene cfs-dehydromatricaria ester had a MIC value of 25 |ig/ml 
against both species of Mycobacteria. It has also been reported to have anti-tumor 
activities against MK-1 (human gastric adenocarcinoma), L-929 (mouse fibroblast- 
derived tumor), B16 (mouse melanoma) and MRC-5 (human Fibroblast) (Matsunuga et 
al., 1990). The c/s-dehydromatricaria ester is also active against plant parasitic 
nematodes (Saiki and Yoneda, 1982). The rra/u-dehydromatricaria ester, which is has no
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reported biological activities and is less common, has not been tested against either of the 
Mycobacterium strains.
The triterpenes epifriedelinol and friedelin displayed no activity against the TB 
bacteria with >128 (ig/ml MIC values. The diterpenes liminodilactone and P-hydroxy- 
liminodilactone, isolated from the flowers of Euthamia leptocephela and E. tenuifolia, did 
not display significant activity against the Mycobacteria with MIC values >128.
The crude hexane and dichloromethane extracts of the roots of two other species 
of Euthamia, E. tenuifolia and E. minor, were also quite active against the Mycobacteria. 
GC/MS analysis of these extracts indicated that there were the same compounds that were 
identified in E. leptocephela.
The extracts of Chrysoma pauciflosculosa and Solidago sempervirens did not 
display any significant activity against either M. tuberculosis or M. avium.
Although the MIC values of the compounds isolated in this study were not low 
enough to be considered for clinical use, they might provide leads for the development of 
other drugs. The use of Euthamia spp. in traditional medicine has already be given in 
Chapter 3. Perhaps some of its therapeutic properties to cure chest pains may have been 
for tuberculosis. There is probably a synergistic effect of the compounds in the roots of 
Euthamia which is responsible for the medicinal properties this plant may have. 
Experim ental
The plant collections and separations have previously been desribed in chapters 2 
and 3. The fractions were tested for activity against M. tuberculosis and M. avium by a 
radiorespirometric method in a BACTEC 460 (Heifets, 1991)
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
Table 4.1. Activities of crude plant extracts against Mycobacterium tuberculosis and 
M. avium.





Cladonia subtenuis all (D) crude 33 100 65
i t  t r i t  t t 1 33 33 65
i t  t t i t  t t 2 33 100 76
t t  i t i t  i t 3 33 100 61
t t  i t i t  t t 4 33 100 69
t t  t t i t  i t 5 33 100 73
t t  t t t t  i t 6 33 100 55
t t  t t t t  t t 7 33 100 66
Chrysoma pauciflosculosa aerial 1 33 4 -35
t t  t t i t  i t 2 33 -14 -8
t t  i t i t  i t 3 33 -9 -26
t t  i t t t  i t 4 33 -8 -22
t t  t t t t  t t 5 33 7 -23
i t  i t t t  i t 6 33 13 11
t t  i t t t  t t 7 33 3 31
i t  i t i t  i t 8 33 4 “8
Euthamia leptocephala roots (D) crude 100 73 94
t t  t t i t  i t 1 33 68 96
t t  i t 2 33 90 100
t t  t i 3 33 16 99
i t  t t 4 33 100 100
i t  t t 5 33 48 100
t t  i t 6 33 4 94
t t  t t 7 33 -15 31
t t  i t 8 33 9 33
t t  t t 9 33 10 18
i t  t t stems (D) crude 100 -17 “0
i t  it leaves (D) crude 100 -31 67
t t  it flowers (D) crude 100 -11 0
Euthamia tenuifolia roots (H) crude 100 99 -
t t  n roots (D) crude 100 100 5
t t  i t roots (M) crude 100 39 -
Euthamia minor roots (H) crude 100 100 0
i t  t i roots (D) crude 1000 100 100
Solidago sempervirens roots (D) crude 100 36 0
t i  i i aerial (D) crude 100 20 0
H - Hexane extract; D - Dichloromethane extract; M - Methanol extract.
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
107
Table 4.2. The minimum inhibitory concentrations (jig/ml) of isolated compounds from 
selected plants whose extracts exhibited high activitites against Mycobacteria.
Chemical Plant Source M.tuber. H37 Rv M.avium
curcuphenol Euthamia leptocephela 16 -
ds-dehydromatricaria ester 25 25
ftmy-dehdromatricaria ester ft it - -
liminodilactone ft it >128 >128
(3-hydroxy-liminodilactone
it it >128 >128
epifriedelinol tt it >100 >100
friedelin tt tt >100 >100
usnic acid Cladonia subtenuis 16 >128
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A search for biologically active phytochemicals is an arduous process which 
despite intensive investigations, does not always yield highly active compounds. A clue 
that a phytochemical investigation of a plant will be promising is necessary before the 
labor-intensive study commences. Plants most likely produce active secondary 
metabolites in response to environmental factors; therefore an indication that a plant may 
contain biologically active compounds is its ecological role that it performs in its 
ecosystem. The use of a plant in traditional medicine is another indication that it may 
contain potential pharmaceuticals. Both of these leads were used in the phytochemical 
investigations presented in this study.
The unique environment of the Florida scrub has been the subject of intense 
ecological and chemical research resulting in a greater understanding of this particular 
ecosystem. Although results of bioassays with aqueous extracts of the lichens Cladonia 
prostrata, C. leporina and C. subtenuis against Lactuca sativa, Rudbeckia hirta, 
Leptochloa dubia and Schizachyrium scoparium, were negative; usnic acid, which was 
isolated from C. leporina, displayed significant activity by inhibiting the growth of all the 
test species at a concentration of 50 ppm. Usnic acid also exhibited substantial activity 
against Mycobacterium tuberculosis H37Rv with a MIC value of 16 (ig/ml demonstrating 
that this compound has a wide range of biological activity.
Studies of the concentration dependence of terpenoid compounds in affecting the 
germination and growth of the four test species mentioned above demonstrate the 
specificity of chemical interactions with biological systems. Cineole and (R)-camphor, 
for example, were more effective in inhibiting the germination and growth of the dicots 
than the monocots used in the bioassays. A profound difference was also observed 
between the enantiomers (R) and (S) camphor. (S)-Camphor inhibited the growth of all 
test species - especially Rudbeckia, whose germination was inhibited at a concentration of 
only 5 ppm. (R) Camphor, however, was not active against the monocots and did not 
inhibit germination of Rudbeckia below a concentration of 28 ppm. These results also
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demonstrate that the terpenoid compounds can be active at fairly low concentrations 
supporting previous investigations of the allelopathic effects of terpenoids in the Florida 
scrub (De la Pena, 1985; Fischer et al., 1994; Williamson e ta i, 1989).
Euthamia leptocephela and E. tenuifolia (Asteraceae) were also chemically 
investigated in this study. Ethnobotanical accounts of the use of roots of Euthamia spp. 
for respiratory illnesses (Densmore, 1928) suggested that this plant might contain active 
compounds against tuberculosis. A bioassay-guided separation of the roots of E. 
leptocephela was utilized to isolate two active compounds: c/s-dehdromatricaria ester and 
curcuphenol which had MIC values of 25 and 16 respectively against Mycobacterium  
tuberculosis H37Rv. fran^-Dehydromatricaria ester was also isolated from the active 
fraction; however, it has not been tested in anti-mycobacterial assays.
The flowers of both of the Euthamia species investigated provided the known 
diterpene, liminodilactone and its 6-P-hydroxyl and acetate derivatives which have not 
been previously described. The occurrence of these diterpenes (which have not been 
found in any of the other Solidago  species) as well as the presence of the trans- 
dehydromatricaria ester (which is not very common in Solidago) add further support to 
the classification of Euthamia as a separate genus.
Each species of Euthamia had a different composition of volatile monoterpenes 
and sesquiterpenes which also varied according to the organ analyzed. Perhaps these 
compounds play pivotal roles in attracting pollinators, deterring herbivores or the defense 
against plant pathogens. The three liminodilactone diterpenes were assayed for their 
activity against Spodoptera litura larvae; however, they did not display any significant 
activity.
In the future, phytochemical examinations of other Euthamia species in the 
Southeastern U.S. could be undertaken. Hopefully this will result in the isolation of 
other promising biological active compounds which also may be of chemotaxonomic 
interest.
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